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Abstract

A number of GIS architectures and technologies have emerged recently to facilitate the
visudisation and processng of geospdiad daa over the Web. The work presented in this
dissertation builds on these efforts and undertakes to overcome some of the mgor problems
with treditiond GIS dient architectures, incduding application bloat, lack of cusomisability,
and lack of interoperability between GIS products In this dissertation we describe how a
new dient-sde GIS architecture was developed and implemented as a proof -of -concept
goplication cdled RADGIS, which is based on open dandards and emerging distributed
component-based  software paradigms. RADGIS reflects the current trend in development
focus from Web browser-based gpplications to customised dlients, based on open standards,
that make use of digtributed Web services.

While much atention has been pad to exposng data on the Web, there is growing
momentum towards providing “vaue-added” services A good example of this is the
tremendous industry interest in the provison of location-based services, which has been
discussed as a specid use-case of our RADGIS architecture.  Thus, in the near future client
applications will not smply be used to access data trangparently, but will aso becamne
fedlitators for the location-trangparent invocation of locd and remote services  This flexible
architecture will ensure that data can be stored and processed independently of the location of
the client that wishesto view or interact with it.

Our RADGIS gpplication enables content deveopers and endusers to create and/or
customise GIS gpplications dynamicadly a runtime through the incorporation of GIS services.
This ensures thet the dient gpplication has the flexibility to withsand changing levels of
expertise or user requirements. These GIS services are implemented as components that
execute localy on the client machine, or as remote CORBA Objects or EJBs. Assembly and
deployment of these components is achieved usng a specidised XML descriptor.  This XML
descriptor is written usng a markup language that we developed specificdly for this purpose,
cdled DGCML, which contains deployment information, as well as a GUI specification and
links to an XML-based help sysem that can be merged with the RADGIS client gpplication’s
exiging hep sysem. Thus, no additiond requirements are imposed on object deveopers by
the RADGIS architecture, i.e. there is no need to rewrite existing objects snce DGCML acts
as aruntime-customisable wrapper, dlowing exigting objects to be utilised by RADGIS.

While the focus of this thess has been on overcoming the above-mentioned problems with
traditiond GIS applications, the work described here can dso be agpplied in a much broader
context, egpecidly in the development of highly customisable dient gpplications that are able
to integrate Web services at runtime.
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Chapter 1

| ntroduction

"All truth passes through three stages. First, it isridiculed.
Second, it isviolently opposed. Third, it is accepted asbeing self-evident.”

Arthur Schopenhauer (1788-1860)

Geographic  Information  Sysems (GIS) provide the user with the ability to explore
geographic, or location-based data visudly, dlowing specidised searches on, and andyss of,
both spatid and aspatid (atribute) data  Traditiond GIS applications provide a wide variety
of tools for manipulating this data, from the digitisng of gpatid data to complex spaid
andyss tools converson utilities, datidicd andyss, as wedl as chating and presentation
functiondlity.

A number of books and papers have been published that highlight the many advantages of
digitd mapping, and the ability of GIS gpplications to mine geospetid data effectivdy
[Robertson et al. 1984] [Pand-GlI 2000]. These advantages include increased speed,
andyticd and visudisation capabilities as well as efficdency of data dorage, integration of
gaid and atribute data, and the ability to peform “fine-grained” spatiad andyss [CTRE
1998] [Niemeier et al. 1993].



How ever, there are dso a number of problems that hamper its effective deployment and use
within organisations. These include problems associated with the resourceintensive nature
of GIS gpplications due to the large data sets that ae used, and the complexity of the
dgorithms used to process the data, as wel as problems associsted with the desgn of
traditiond GIS gpplications, such as goplication bloa and lack of interoperability between
GIS software packages.

The work presented in this thess describes our solution to these problems through the
cregion of an extensible dient-Sde framework that provides the user with the ability to add
digributed interoperable geospatid sarvices to the dient goplication a runtime  This new
cdient-sde GIS architecture was implemented as a proof-of-concept gpplication caled
RADGIS (Runtime Application Development of GIS), and is based on open sandards and
emerging digtributed component-based software paradigms.

The RADGIS architecture enables the cregtion of amdl, highly specidised GIS dients that
ae exdly extensble should the user’s needs change, or if the user requires a once-off or
sddomrused sarvice.  This has been achieved through the credtion of GIS services that are
implemented by wiring together locd and didributed objects usng an XML-encoded
descriptor language we have developed cdled DGCML (Didributed GIS Component Markup
Language).

GIS goplications typicdly provide extensve functiondity, most of which is very spedific to
the fidd of geospatid data andyss dthough some of it is more generd in goplication.
While the focus of this theds is on the devdopment of an improved dient-sde GIS
architecture, much of the work presented in this thess can be gpplied to the devdopment of
component-based  gpplications in generd. However the benefits of usng our gpproach are
maximised when agpplied to a doman that has been the focus of large-scde standardisation
efforts, such as GIS. It is dso easer to expound the virtues of an goproach when one is able
to provide concrete examples of how such an agpproach is dle to solve specific problems
identified within thet domain.



If our objectives for the research presented in this dissertation were to be summarised in a
single sentence it wauld be:

Todevelop runtime-extensible, highly-customisable, distributed-component based GI'S
and L ocation-based Service clients.

The remainder of this chapter expands on some of the problems associated with current GIS
goplications that can be atributed to the resource intensve nature of GIS, as wel as the large
number of diverse operations that may be performed. In particular, it focuses on two driving
forces that have been the moativation for our gpproach to component-based GIS gpplicaions,
namdy reducing gpplication bloat by dissggregaing GIS goplicaions into interoperable
components (raher than interoperable software suites), and providing a high leve of
location-trangparency for accessing loca and remote data and services

1.1. Problems associated with current GIS Applications

One of the biggest chdlenges that organizations face today when deploying and usng
software-intendve sysems is managing the complexity inherent in such systems, while being
able to rapidly adapt to change, without a lreskdown in the trandfer of knowledge and
experience when moving from one system to another [Brown 2000].

Monolithic Geographic Information Systems (GIS) packages of today are being replaced by
new forms of geo-processing, based on new interoperéble principles and standards.  These
changes are necessary due to the norrinteroperability of current GIS products, which has lead
to conceptud diversity, product specificity and the limited transfer of knowledge when a user

changes from usng one paticular GIS package to another [Heywood et al. 1998][Open GIS
Consortium, 19984

Traditiond GIS applications ae generdly very lage goplications tha ae expensve to
license, have a very steep learning curve [Albrecht 1996], and are difficult to use. Traynor et
al. [1995] ague that proficent use of traditiond GIS gpplicaions reguires a solid
undersanding of the fidds of geogrgphy, cartography and database management systems, as
well as being computer literate, and that they very often require specidist knowledge.



Traditiond GIS gpplications are well-suited to GIS experts.  However there is a growing
redisation that there are a number of users, in a variety of fidds, who require spatid anadysis
tools smilar to those found in GIS gpplications These usas generdly require only a smdl
subst of the functiondity provided by traditiond GIS gpplications and do not necessarily
wish to become expertsin GIS in order to make use of GIS applications.

While there is no denying tha traditiond GIS applicaions fulfil an extremdy vauable role,
many problems associated with these GIS gpplications have been identified. The following is
not meant to be an exhaudive lid, but ae described in more detal bdow due to ther
relevance to the research presented in this dissertation:

?? “Application bloat” — many GIS goplications atempt to provide as much functiondity
as possble.  As a reallt, these GIS gpplications have become extremey complex
syslems that are prone to serious gpplication bloat.

?? Lack of Interoperablity — In the past, due to the lack of standards, GIS software from
one vendor would not work with software from another. This lack of interoperability
between software products from different vendors has been a mgor sumbling block
to sharing geogtia data, particularly across the Web.

?? Locaion Transparency — while many GIS gpplications do provide access to data sets
located on various different platforms with a large degree of location trangparency,
the ultimate god is to extend locaion trangmrency to incorporate both data and
services  This will alow processng of deta to be performed wherever it makes most
sense without requiring the user to be aware of the physical location of ether the data
set being processed, or the tool that is perfarming the processing.

1.1.1. Application Bloat

Classic gpplication bloat within mgor software packages is becoming more and more
common as deveopears try to add functiondity to cater for every eventudity to ther
applications.  However, different users have very different requirements, and may end up
usng very little of the overdl functiondity provided by an gpplicaion. This is paticulaly
true in GIS, where users typicdly only make use of a fraction of the avalable functiondity
found in mogt treditiond GIS gpplications [Gunther and Muller 1999



Ironicdly, it is dso likdy that an advanced usr will require functiondity not provided by the
core gpplication, even though it contains many features that will never be used. Such a user
must then ingdl additiond modules, which may integrate with the origind application, but
are often stand-aone tools that must be executed outside the core gpplication.

This is not entirdy the devdloper’s fault as it is impossble for developers to provide systems
talored to esch individud's reguirements  Mog gpplications are devdoped based on
generdised requirements, i.e. for groups of users with smilar core requirements, but differing
goplication environments that require specidized festures.  In addition, many end-users only
discover what functiondity they require once they start working on a particular project.

Application bloat is not unique to GIS goplications. According to Dey et al. [19974], the
man downfal of most current software suites is their poor dbility to integrate individud
toolgsarvices.  They point out that tightly integrated suites of toolg'services currently
available are unsatisfactory because:

?? They require desgnes to predict how end users will want to integrate the
tools'services provided; and

?? They force users to use particular toolg/services with no opportunity to replace or add
toolg'services to the application.

The ldter is manly due to vendors wishing to capitdize on vendor “lockin” and customer
loydty, by meking it extremdy difficult or codly for a us to change tool or service
provider. The result is a large gpplication, written by a single software house with generd
expatise, rather than individua components, written by experts in that fidd, that can be
integrated into larger gpplications.

A solution to this problem would be to dlow users to decide which tools they reguire for the
job a hand. Should they determine, a any dage, that they do not have the necessary tools for
a tak, they should have the opportunity to locate implementations of these tools, and
integrate them in thar exiging gpplication, raher than having to purchase an additiond
package or separate stand-aone utility.



1.1.2. Inter oper ability

Interoperability has been a mgor sumbling block within the computing industry as a whole
in the last decade. Until recently, the lack of standards within GIS hindered the widespread
adoption of GIS gpplications because organisdtions were rductant to buy into software from
a vendor that did not provide a smple migration peth, or interoperate with software from
other vendors [Ferris 1998].

However, it is cear from the numerous dandardisation efforts presently underway,
paticulaly within the many XML didects that a high priority hes been placed on
devdoping interoperable sysems based on open dandards.  In addition, the OpenGIS®
Specification being developed by the Open GIS Consortium represents an evolution in GIS
solutions, in which proprietary data modds and software functions are made interoperable
and extensble

The term “interoperability” is used to describe the ability of software (possibly digtributed on
multiple machines) from multiple vendors to fredy exchange data between sysgems. This is
possible when each sysem has knowledge of the other sysems proprietary formats, but is
guaranteed when daa is transferred between systems that support an open standards format.
The use of open data gandards, i.e. data formats whose internd structures have been openly
published, dlows devdopers to creste “smdl” interoperable components independently of
eech other. This permits GIS usars to perform tasks that require functiondity from more than
one vendor, based on the integration of these software components.

According to Goodchild et al. [1997], the adoption of open standards will leed to the
devdopment of “gmila” sysgems that meke use of the same vocabulary, follow the same
conventions and ensure that interoperability over a wide range of sysems becomes possble
This will, in turn, result in a smplification of data formats, improve interaction between the
user and a particular system, and reduce the amount of knowledge required by a user to be
effective with respect to that type of sysem. Therefore users could achieve the same
outcome with less knowledge, and training in one sysem, eg. ARC/INFO, would not be
wadted if the user was transferred to another smilar system, eg. Maplnfo.



Open sysems fadlitate interoperability by dlowing vendors to produce competing products
that are interchangesble with exiging components. This hedthy competition ensures that end
usars ae dble to replace the implementation of a particular service with another, possbly
uperior service, without changing the base gpplication code. The use of interoperéble
components dso facilitates the development of highly scadable sysems, and the packaging of
paticular services, resulting in lower costs and products talored for specific end-users
requirements.

The ability to utilise interoperable services in the crestion of task-oriented dlients is of great
benefit to the GIS community [Albrecht 1996]. Application developers have the flexibility to
sdect sarvices based on the regquirements of the endusx by choosng the savice
implementations that ae best wuited to the tak a hand. In addition, developers of
goplications for traditiondly nonGIS usars can implement smdl, cusomised gpplications
tha require a smdl subst of a traditiond GIS gopplication's functiondity, by combining
interoperable services rather than developing them from scratch.

This can only be achieved through the devdopment of vendor-neutrd, Standards-based
frameworks that enable the discovery and integration of multiple online geodata sources and
sarvices digribued over the Web.  According to Kenn Gardels fcurrent], the future success
of GIS as a technology, and as a paadigm of spaiad understanding, will depend on the
seamless integration of these diverse methods into a comprehensve sysem for scientific
investigation and environmenta planning.

1.1.3. Location transparency

Goodchild et d. [1997] destribe transparency as the ability to work a a conceptud leve
rather than having to be aware of the implementation issues, thus providing ‘a uniform view
of multiple, heterogeneous, distributed, and autonomous participating systems”.

The ability to provide a high levd of location trangparency within GIS applications dlows
users to utilise geospatid data and services without necessarily being aware of where the
dalasats ae sored or where the geoprocessng is being peformed. This reduces the



complexity of usdng didributed daa and savices which might otherwise prove
unmanageable for dl but expert users.

Location trangparency is an extremely important fegture of new gpplications that embrace the
trend towards a highly-networked model of computing. This has a dramatic impact on the
architecture of applications, and as technology improves, the didtinction between accessng a
locd or remote resource will dowly fade dtogether.

1.2. Motivation

While there will dways be a need to provide the bundled functiondity found in treditiona
GIS gpplications, there is a growing need to enable non-gpecidist users to make use of GIS
operaionsin a more usar-friendly manner, and customised to their particular fidd of interest.

At a specidist meeting held in December 1997, under the auspices of the Varenius Project,
the workshop agreed that in the future GIS applications would become [Goodchild et al.
1997]:

?? Distributed — enabling a user to access data and processng, as well as collaborate
with other users located throughout the world.  For example it would be possible for a
usr a location A to send data from location B to a server a location C to be
processed, and have the results returned to location A for display.

?? Disaggregated — as the use of interoperable, standards-based Commercid-off-the-
Shdf (COTS) software components, developed by different vendors, replaced
monalithic gpplications developed by a single vendor.

?? Decoupled — as disaggregated components are no longer pat of a sngle goplication,
but are distributed over many networked systems.

?? Interoperable — acdear precondition for al three of the above-mentioned points.

This vison of the future of GIS applications addresses most of the problems that we outlined
ealier with regppect to GIS ooftware, induding reducing appliction bloat, lack of
interoperability and location transparency. Of particular importance to the success of this
vison ae the recent deveopments in component-based architectures and distributedobject



computing which encourage flexible plug and play sysems that are extensble, and dlow
heterogeneous components to interoperate across diverse platforms and network protocols.

The successful integration of these technologies will lead to the cregtion of GIS applications
composed of distributed services, implemented as interoperable components (seefigure 1.1).

A Degree of
I nter operability
2
1 —

Degree of
Componentisation

Degree of

Distribution

1.  Local nondinteroperable GIS package
2. Fully interoperabledistributed GIS components

Figure1.1. Thenew trend towardsdistributed interoperable
GI'S components[Alameh 2001]

The problems with GIS gpplications that we outlined in section 1.1, as wel as the vison
expressed by Goodchild et al. [1997] for the future of GIS gpplications, are not restricted to
the doman of GIS gpplications, but ae in fact generd goplication development issues for
most resource-intensive Internet-based applicaions.

However, we have focussed our research on the field of GIS for three main reasons:
?? anoveriding interest in thefidd of GIS,
?? the large amount of andardisation which has occurred within this discipline over the
past few years, and



?? by condraining our discusson to the fidd of GIS, we ae ale to address particular
issues and provide a more pertinent way to discuss the bendfits of our gpproach by
looking a specific scenarios.

Our gpproach to solving these problems does not meke use of GIS-specific technology.
Indeed we have applied emerging computing principles and technologies such as
component-based  software  development, XML and distributed-object  technologies to the
fied of GIS.

1.3. Sate-of-the-art

GIS gpplications have undergone many architectura changes over the past two decades tha
have been in kesping with advances in tiered goplication devdopment in gengd. This
initidly saw GIS gpplictions evolve from a dngle tightly-coupled or dngle-tier gpplication
to a twotier dient-server architecture.  This change was made to separate the data
management duties from the operations and andyds logic, and the rendeing and user
interface, dlowing a datdbase other than the GIS vendor's proprigtary database to be used.
More recently, GIS gpplication development has progressed to using the N-tier architecture,
primaily to fadlitate didributed processng, Web-based mgpping and “thin-client” spatid
data viewers.

Another trend worth noting is the increesing prevdence of Javabased GIS gpplications and
location-based services, which is evidence of the wide-spread indudiry adoption of Java as a
powerful tool for developing platform-independent distributed GIS software.

1.3.1. GI S Standardisation

A number of dandardisation bodies are currently working on different agpects of GIS, most
noticeably the Open GIS Consortium [1998a] and 1SO Technicad Committee 211 [ISO/TC
211 2000]. In generd, the OGC is concerned with software specifications, while ISO/TC 211
concentrates more on data sandards. However, in order to ensure that their work, which is
often complementary (eg. the work done in defining the geometry modd), does not result in
competing standards these two standardisation organisations are fully coordinated [Open GIS
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Consortium, 1998a]. The OGC has agreed to submit their specifications for 1ISO approvd via
ISO/TC 211, and a “Class A Liaison” between the 1SO and the OGC ensures that their efforts
are harmonized, and that mutua experiences and results are shared.

The Open GIS Consortium (OGC) has dedicated much time and effort towards solving the
interoperability issues outlined previoudy. Its mgor objective was to produce a single
operationd modd for dl spiotempord gpplications that would enable an  gpplication
developer to combine geospatid data, and any geospatid function or process, avalable on the
Web.

To date, the mgor achievements of OGC include [Cox 2000]:
?? the Smple Features Specification — asubset of the ISO/TC 211 data modd required
to support basic GIS systems;
?? the Geographic Markup Language (GML) — an XML encoding of the Smple
Features Specification; and
?? theWeb Map Server Interface Specification — for producing maps of georeferenced
data, based on a standardised request mechanism.

In addition, the OGC has defined geospatid domain-specific business objects to ensure that
the OpenGIS® Services Architecture' can be redized with standards-based, Commercia-Off-
The-Shdf (COTYS) products avallable from multiple vendors [Open GIS Consortium 20014

These OpenGIS® sandards, developed by the Open GIS Consortium, are being closely
followed and adopted by dl the mgor GIS vendors induding Integraph, ESRI, Bentley, and
Mapinfo. Therefore, by developing open standards for geoprocessing, the OGC is actively
shaping the future of GIS applications and enabling “geoprocessing to become an integral
part of the evolving distributed computing paradigm in which applets, middieware,
components, ecommerce tools, and object request brokers give any networked computing
device real-time access to a huge universe of data and processing resources” [Open GIS
Consortium, 19984

1 The OpenGI S® Sarvice Architecture is a framework of services that are required for the
devel opment and execution of geospatia gpplications.



1.3.2. Component-Based Softwar e Development

Component-Based Software Development (CBSD) alows systems to be developed from a
number of exiging interoperable system dements with exposed intefaces and hidden
implementations. Therefore a sysem no longer needs to be built from scratch, but can be
developed by odecting, reconfiguring, adapting, assembling and deploying encgpsulaed,
replacesble, interoperable components [Barroca et al. 2000] [Clements et al. 2000].

The development of sysems using existing, pretested components has a number of tangible
and intangible bendfits induding shortened sysem development cycles, increased
productivity through component reuse, higher qudity systems, reduced time-to-market, as
well as reduced devdopment and maintenance costs.  See section 2.2 for a more
comprehensivelist of benefits.

The integration of the Web and component-based sysems implemented using ditributed
object technology provide a number of additiond benefits which include the ability to share
computing and daa resources, plafform and operding system independence, increased
effidency by didributing the workload across multiple mechines, and the ability to use the
same didributed resources on a number of different devices [Fan et al. 2000] [Fingar et al.
1997]. See section 2.4 for a more comprehensive list of benefits associated with the use of
digtributed component technologies.

There are three mgor distributed component or component-oriented middleware technologies
that are currently used for developing enterprise-scae component-based gpplications, namdy
the OMG's CORBA Specification [OMG 1999] [Siege 2000], Sun's Enterprise JavaBeans
(ElBs) [Sun Microsystems 2000b] [Roman 2000] and Microsoft's Didributed Common
Object Model (DCOM?) [Sessions, 19984]. We have decided to focus on the use of CORBA
objects and EJBs because of the platform-independent nature of CORBA and Java (see
section 2.4).

1pcoMm, COM, COM+, information available at http://Amww.mi crosoft.com/conm/



1.3.3. Technology convergence (WhereisGI S heading?)
The convergence of the Web and digtributed object technology has resulted in a multitude of

new applications and services. Jugt as the vaue of a fax machine increases with use and with
an increase in the number of other fax machines to which it can connect and communicate,
each digributed gpplication and service added to the Web increases the value of the Web
directly in tems of the functiondity it provides and indirectly by increesng the vdue of
other interoperable applications and services.

David Schell, acting presdent and CEO of the Open GIS Consortium, believes that in the
future data content providers, connectivity service providers plaform providers, service
technology providers, and verticd sarvice providers will dowly replace the traditiond GIS
provider [Geolnformetics 2001]. This view is shaed by a number of people including
Alameh [2001] (see figure 1.2), and Brox and Kuhn [2001] who argue that the future market
for geographic information will be a maket of geographicaly referenced information
products generated by technicd and organizationd services applied to data  Indeed this can
dready be seen in the increasng number of dand-done GIS sarvices, location-based
svices and the integration of geospdid information into mandream IT applicaions,
particularly through the use of Oracle Spatid database technology.

Integr ated/cascaded
Freguently refreshed services, can be
data, large number of customised for
small transactions individual clients

Infrastructure Data Service Service
> Providers>> Producers>> Providers>> |ntegrators> Brokers >

MCI, AT&T Specialised services for Sear ch engine-like services,
niche markets. Most rely enable clientsto search and
on integratorsand service locate services, and mix and
brokersto distribute their match them to solve their

products. problem.

Figure 1.2. Potential value chain for the future GIS marketplace [Alameh 2001]



The work undertaken by the Open GIS Consortium aims to make interoperability esser and
more powerful by defining open sandards for storing, ddivering and processing geospatid
data [Lake 2001b]. The following emerging technologies, which are currently the focus of
much of the OGC' s efforts, are very likely to become the foundation of future GIS:
?? GML — ageospatid data sandard that is likely to be widdly adopted as an exchange
format for GIS services.
?? The OpenGIS® Service Architecture— aframework of interoperable services required
for the development of geospatid gpplications.
?? Web Map Servers and Web Feature Servers— for the efficient access to geospatia
data, especidly when serving the requested map as GML.
?? Catdog and Registry Servers— extremely valuable services that allow usersto register
and |ocate data or services, based on associated metadata stored about thet data source

or sarvice

While cetanly not the focus of this thess it would be a gross oversght if one neglected to
mention the huge impact that wirdess communication is having on Internet applications and
mobile E-commerce in generd, and within the fidd of GIS in paticular. Of specific interest
to us is the rdaivedy recent emergence of locationbased services born out of the
convergence of wireless communication, the Web and GIS technologies.

In contrast to GIS applications, location services are paticular gpplications of spatid and
andytic functions found in GIS gpplications, which filter ther content or change their
behaviour, based on the user's (specified) location. Location services hide the complexity of
GIS tools by providing an essy-to-use interface for a specific service. This interface makes
use of one or more GIS tools behind the user’s back in order to provide the location-based
svice, and thus no longer requires that the user be knowledgesble in geography or
catogrephy. In fact, if the user interface is ample enough, very little computer literacy is
required for a user to be able to meke use of complex GIS operations transparently through
location sarvices

Mobile phones are the most widely used form of wirdess device, and therefore offer the
gresiest potentidl market for location sarvices. While some mobile device manufacturers
have embedded, or plan to embed, GPS devices in ther mobile devices exising mobile
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phone users will be able to benefit from an increesing variety of locationbased services as
the accuracy with which a service provider is adle to triangulate their position improves.

The ability to accuraely determine the location of a mobile phone user opens up a plethora of
new savices and busness opportunities which were previoudy unavalable, or limited in
their efficiency and effectiveness, because they were dependent on the locaion of the user.
However, it may be surprising to learn that the main impetus behind increasing the accuracy
with which a mobile phone user’s podtion may be cdculated in the United States is not
commercid, but rather the provison of emergency services This took the form of a US
Federd Communication Commisson E911 mandate requiring that by the 1% of October
2001, wirdess sarvice providers in the US mugt be able to provide the location of mobile
handset usersto within gpproximately 125m, 67 percert of the time [Lopez 2000] -

However, the reativdy limited accuracy currently avalable has not detered a growing
number of indudries from providing location services that ddiver Web mapping, Street
routing, traffic reports and dectronic ydlow pages to Web and wireless devices.

According to the Internationa Data Corporation [IDC 2000], the GIS market has redised
farly linear growth in the range of 10-15% annudly since its establishment, centred primarily
on providing mapping and spaid analysis tools to specidist users.  However, despite its
infancy, the rate of growth for location services has dready exceeded that of the traditiond
GIS market.

Location-based services are of interest to us for two reasons the firgt is thet the introduction
of locdion savices is moving the GIS community towards component-based GIS
goplications, basad on open sysems, and secondly because the provison of location services
over the Web gives us another GIS-reated gpplication agangt which we can evaduate our
research into building applications a runtime,

! Due to the complexity, lack of equipment and cost of implementing the necessary
technology in the base-gtations, this deadline has subsequently passed without asingle

wireless service provider meeting this requirement.



Other topicd research areas within the fiedld of GIS that are recelving much attention are the
display of 3D geospetid information [Dykes et d. 1999] [Preston et al. 1997, 1999c] [Reddy
et al. 1999-2000], the use of mobile agents in digtributed GIS [Conde 1998] [Preston et al.
19990], and the induson of time-based data and operators to provide spatiotempord or 4D
GIS support [Langran 1992] [Pequet and MacEachren 1998] [Preston et al. 1998a, 1990
[Snhodgrass et al. 1999].

1.4. How does our resear ch addr ess these problems?

A number of didributed GlISrdaed research projects ae currently being undertaken,
induding DisGIS (Digributed GIS) [Bare & d. 2000], plug-and-play GIS components
[Lemmens 2001], [Tsou and Buttenfidd 1998] and CommonGIS [Voss and Birlinghoven
2000]. Each of thee systems ams to address one or more of the problems outlined
previoudy. However, the RADGIS provides an improved client architecture because it is a
runtime-extensble architecture, based on open GIS sandards, thet dlows a user to determine
what functiondity is provided by their dient goplication as well as how the dient gpplication
integrates the interoperable GI S services.

This ability to add functiondity, as and when required, rather than attempt to provide built-in
functiondity for every eventudity, ensures that the RADGIS architecture does not suffer
from the “gpplication bloat” associated with traditiond GIS dients. It dso guarantees thet
the usr does not have to change to a different dient gpplication when additiond

functiondity, not provided by the current dient, is required.

One of our design gods was to cregte a sysem that is extensble through the asynchronous
addition of, or upgrade to, sysem components. The ability to fadilitate tight integration of
software  components, without the need for unnecessary component adapters, requires
consensus on the names types, and the semantics of components input and output.
Interoperability of GIS components is assured through the adoption of open GIS dandards,
which are currently the focus of a number of dandardistion bodies, most noticesbly the
Open GIS Consortium and ISO/TC 211.



The use of Web mapping services and online geoprocessing tools that dlow users to access
remote geospatid data and to process their data sets over the Web, is both possble and highly
desrable.  Autonomous components and sarvices ae the esset to integrate into the
RADGIS dient gpplicaion, due to therr &bility to work independently of the dient
aoplication.  However, through the use of sandardised naming conventions we are abdle to
demondrate the ability for the RADGIS architecture to fecilitate “tight” integration of
digtributed services with the core dlient goplication and other services.

Interoperability, according to [Goodchild e d. 1997], dso means commondity in us
interaction, which can be achieved through the devdopment of interfaces tha can be
cugomized to provide a familiar ‘look and fed’ to the user. RADGIS dlows the user to
meke ue of a dngle cusomissble dient gpplication, which improves upon the limited
trander of knowledge inherent in switching from software developed by one vendor to
another. This is achieved by dlowing the user to make use of new sarvices within a familiar
client framework, and by dlowing the user or service developer to customise the GUI of a
savice to provide afamiliar “look and fed”.

One of the problems with implementing a disributed GIS gpplication, which is addressed by
the RADGIS architecture, is the problem of invoking digributed GIS tools for which no
compile-time knowledge exids. This is paticulaly true for complex operations that require
the user to interact with didributed objects usng a GUI. However, rather than download
compiled GUI cdases, we have decided to create essly modifisble XML documents that
provide metarinformation about the GIS sarvice and dlow one to wiretogether Java objects
to create a GUI or specify batch pocesses. A few XML-based scripting languages have been
developed that dlow one to wire together JavaBeans (including Swing components), eg.
Bean ML, or to specify Swing GUI's in XML, eg. XwingML. However, we have developed
our own wiring language (DGCML) that goes beyond the functiondity provided by these
scripting languages, and which serves four main purposes.

?? the deployment of GIS sarvices for integration with the RADGIS client at runtime;

?? the specification of a GUI for the GIS service;

?? the ability to specify remote method cals to CORBA objects and EJBs, and

?? the provison of links to the assocdated help files which can be integrated into the

RADGIS client’s help system.

17



Ancther issue addressed by the RADGIS architecture is that of location transparency. The
ability to gpecify GIS sarvices usng DGCML dlows the user to make use of a savice
without necessarily knowing where the processing is taking place.  The method-cdls invoked
by a paticular sarvice may be made on objects executing localy or on objects implemented
as CORBA objects or EJBs residing on remote machines. If dternate codebases are provided
for a particular service, it is possble for the RADGIS system to eect which codebase to use
based on the location of the data to be processed. Therefore RADGIS affords the user of a
sarvice ahigh levd of location trangparency when performing geoprocessing operations.

During the course of our research, we have observed the tremendous industry attention thet is
being given, egpeddly within the fidd of GIS to the provison of locationbased services.
We have therefore used locationbased services as an example to show how our RADGIS
architecture can be extended to other gpplication domains. We ds0 bdieve that the Location
Savices modd reflects the future of GIS gpplicaions in teems of beng didributed,
disaggregated, decoupled and interoperable.

Our approach focuses on a number of architecturd issues currently being addressed by the
GIS community, and in doing 0, provides a flexible and extensble solution that caters both
for the novice and expert user, in a wide range of GIS-rdated tasks. Not only will this
improve the levd of geospatid data access and use among traditiond GIS usars such as
catographers, planners, scientids, and environmental protection agencies, but it will dso
enable nonttechnicad users to access this information as well (especidly through the use of
location services).

1.5. ThesisOrganisation

This introductory chapter mapped out the problems inherent in current GIS architectures,
paticulaly monalithic GIS dient gpplications, that are to be addressed in this thess It then
proceeded to provide a concise overview of current developments within the fidd of GIS, as
wdl as future trends, providing some examples of research that is being undertaken in smilar
arees.



The RADGIS architecture was introduced briefly in order to explan how we intended
solving the problems with current GIS architectures outlined previoudy. This chepter dso
explaned why we decided to congrain our focus to GIS applicaions even though many of
the problems with current GIS architectures that have been identified are dso inherent in
other resource-intendve gpplications  However, because our solution mekes use of generd
component-based  software  development  techniques and  digtributed  object technologies, the
work described here can il be gpplied in amuch broader context.

The remainder of thisthesisis structured as follows

Chapter 2 (CBSD): The RADGIS architecture rdies heavily on disributed Component-
Based Software Development (CBSD) techniques and the use of distributed
object technologies such as CORBA Objects and EJBs to implement distributed
geospatid sarvices.  This chepter provides background informetion required by
the reeder to fully undergand the implications (both the inherent problems as well
as the intended benefits) of the chosen component-based design.

Chapter 3 XML — Enabling CBSD and Deployment): The specification and deployment of
GIS savices that can be integrated with the RADGIS dient a runtime, is done
using a meta language we developed cdled DGCML. This chapter provides some
background on XML, and provides some examples of its use as a deployment
language and as a wiring language, before describing our DGCML vocabulary and
the functiondlity it provides

Chapter 4 (Factors influencing the design of RADGIS). This chapter presents a
classfication of GIS application architectures as wel as a brief overview of the
work that has been undertaken by the Open GIS Consortium in the standardisation
of GIS, in order show the relevance of our work and where it integrates with this
globa view of where GIS is headed. It concludes with a description of what our
RADGI S architecture does and what it hopes to achieve.

Chapter 5 (mplementation of the RADGIS Application): Provides a detailed description of
how our the RADGIS dient gpplication was implemented, including the ahility to
visudise 3D geospaid daa and integrate digtributed GIS services developed and
deployed usng DGCML.



Chapter 6 Qiscussion): This penultimate chapter highlights some design consderations for
digributed object developers and component integrators, as wdl as the
implications of usng the RADGIS architecture on endusers. It then ligts the
quditative benefits of usng the RADGIS architecture before teking a brief look at
some of the technologicd and busnessreaed issues tha would need to be
addressed in acommercia implementation of the RADGIS architecture.

Chapter 7 Concluding Remarks): The find chapter of this thess is devoted to providing a
criticdl assessment of the RADGIS architecture, including its limitations, and
motivates the contributions that the research underteken in this dissartation has
made to the field of distributed GIS.

This thess describes an architecture that is made up of a number of new and emerging
technologies  Therefore, indead of providing background chepters and then detaling our
work separately, each chapter contains some background materid necessary for explaining
the desgn condderdtions tha were teken into account in the devdopment and
implementation of the RADGIS client.

The reader’s dtention is dso drawvn to the Glossary of Terms, located immediatdy after the
gopendices. This should provide a ussful and convenient resource for locating concise
definitions of various technica terms and acronyms used in this dissertation.



Chapter 2
Component-Based Software Devel opment

As a common witticism goes,

“ theonly difference between a software component and a virusis the author” .

A Gatner Group study [Gartner Group] estimates that the market for pre-built components
will have grown from $1.4 hillion in 1997, to more than $8 hillion in 2002. Furthermore, t is
edimated that by 2003, a least 70 percent of dl new applications will be deployed as a
combination of pre-assembled and/or newly created components, integrated to form complex
business systems.

According to Stojanovic [2000], component-related research can be dso found under various
subjects such as module interconnection languages (MILs) [Prieto-Diaz and Neighbors
1986], module interface gpedification and andyss [Pery 1989, megaprogranming
[Wiederhold et al. 1992], doman-specific software architectures (DSSAS) [Fischer 1994,
software  generators [Batory and Geracy 1996], object-oriented frameworks and petterns

[Gamma et al., 1995 [Fayad et al. 1999] and architecture description and configuration
languages (ADLS) [Garlan and Perry 1995].



This provides a cear indicaion of the importance placed on CBSD, and illudrates the
paadigm shift from devedoping rdativey smdl, centrdised monalithic systems to complex
enterprise syslems composed of distributed components that may accessed across a corporate
intranet or the Internet.

This chapter will present a brief introduction to some of the work currently being done in the
fidd of Component-Based Software Development (CBSD) in order to highlight the benefits

and the complexity involved in developing reussble components that are compatible and
substitutable with other components within a component framework.

We then present two didributed component technologies, CORBA and EJBs, that have been
used in our RADGIS application to implement digtributed GIS tools that can be used together
with our DGCML vocabulary to develop and deploy customised GIS sarvices.

2.1. CBSD Basics

Component-Based Software Development (CBSD), and the concept of ‘Commercid Off-
The-Shelf” (COTS) components, is generating tremendous interes from industry and
resserchers dike, because of the many potentid benefits to be gained from developing
goplications udng plugand-play reusable software components, rather than building the
whole system from scratich [Hernandez et al. 2000] [Brown 1997] [Brown and Wallnau 1998]

[Szyperski 1998).

In theory, developing an application using the CBSD paradigm is a smple task of browsng a
component catdogue or libray, sdecting the appropriadte components, and then
reconfiguring, adapting, assembling and deploying them [Baroca et al., 2000]. However, in
practice, CBSD is vey sddom smply a matter of plugand-play deveopment, and

component re.use is often difficult to achieve across gpplication domains.



2.1.1. Terminology

Looney et al. [1998] date that the lack of an agreed definition of what comprises a software

component has led to some confuson as to how to idetify and re-use components.
Therefore we will briefly introduce some CBSD terminology to clarify what we mean by
software components, componentware, and component frameworks.

2.1.1.1. Softwar e Component

According to [Schneder and Nierstrasz 1999], software components ae static
abstractions with plugs, i.e they encgpsulate ther implementation and only interact with
their environment through well-defined interfaces

A software component or, for the purposes of this dissertation, Smply a component, has a
number of characteridic properties, including [Booch et al., 1999] [Schneder and
Niergtrasz 1999] [Szyperski 2000]:

?? itisaunit of independent deploymert;

?? it has no observable state;

?? it mugt be indtantiated in order to be used;

?7? itisareplaceable part of asysem; and

?? it should come with clear specifications of the serviceslevents it provides and the

servicesleventsit requires.

2.1.1.2.Componentwar e

The term componentware [Gatner Group 1997][Sessons 1998b] defines agpplications
asembled from a set of software components [Ring and Ward-Dutton 1998] [Bergner et
al. 1999]. These software components are not used in isolation, but ae eements of a

component framework .



2.1.1.3.Component Framework

A component framework is an architecturd template that facilitates the efficient
devdopment of complex sysems usng components. It determines the interfaces that
components may have, and how the components are plugged together, i.e a component
framework is a collection of collaborating software components and architecturd styles
[Schneider and Nierstrasz 1999].

2.1.2. Granularity of components
Components can be divided into two mgor categories [Hurwitz 1998]:
?? lage-graned components that implement complete units of busness functiondity;
and
?? fine-grained components that implement amdl units of functiondity.  Fine-graned
components are generdly combined with other fine-grained components to provide a
large-grained component.

By working a the higher levd of abdraction provided by large-grained components, it is
posshle to gat working with busness processes rather then having to ded with the inner
workings of fine-grained components. Therefore, large-graned components have the
potentiad to deiver gregter productivity to developers then fine-grained components [Hurwitz
1999

2.1.3. Components and Objects

Although both components and objects increese software  reusability and smplify  the
software development process, they are not the same, but may be consdered to be orthogond
concepts [Hernandez et al. 2000]. Components capture software€'s datic nature, whereas
objects capture its dynamic nature, i.e. components come to life through objects.

If one is usng an object-oriented programming language to implement components, then in
the Imples case, a component is damply a dass, dthough in generd a component would
normdly contain one or more classes or immuteble prototype objects However, for non

object oriented progranming langueges, a component could dso be implemented usng
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traditiond procedures, functiona programming condructs, assembly languege, or any other
aoproach [Szyperski, 2000].

In contrast to components (see 2.1.1.1), objects are units of indantiaion that have a unique
identity, they have date that can be perssted, and they encgpsulate both state and behaviour
[Szyperski, 2000]. Another sgnificant difference between objects and components revolves
aound the use of inheritance [Hurwitz 1998], as the focus of component technology is not on
inheritance, but the combination and integration of different software components [Fan et al.
2001]. For a more complete discusson on the diginction between components and objects,
refer to [Leavens and Sitaraman 2000][ Szyperski 1998][ Szyperski 2000].

2.1.4. Component Interoper ability
Interoperability is a mgor chdlenge for software developers in generd, and within
component-based software development in particular.

However, due to the development of standardised interfaces by the Open GIS Consortium, in
their Abdract and Implementation Specifications, many these requirements for component
interoperability will be esder to fulfil then in other gpplication domans that have not
undergone rigorous standardisation.

In the devdopment of our RADGIS architecture we have not implemented automated
component subdtitution, but have rather left the choice of component sdection up to the
gopliction deveoper, or the enduser, who waid be ale to query a Trader or Directory
Savice and receve a lig of eguivdent components that suited hisher particular
requirements. It would therefore be up to the component developer to ensure that a particular
component fulfilsits intended role.

There ae three types of component interoperability [Hemandez et al. 2000]: sSgneture
interoperability, semantic interoperability and protocol interoperability.  While the ressarch in
this thess is not concerned with delemining equivdence for compdibility and
subdtitutability of components (see figure 2.1), we wish to briefly draw the reader’s attention

to theseissues.
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Figure 2.1. Compatibility versus Substitutability

2.1.4.1.Signature I nter oper ability

Component interoperability a the sgnature leve is based on the names, parameter types
and return types of the components operations (methods), and is used for determining the
compatibility and subdtitutability of components.  The compaibility of two components is
determined by their ability to work together properly if connected, i.e determined by
whether or not the data and messages exchanged between them are correctly understood.

Checking the subditutability of component A by component B, & the dgnature leve, is
an dtempt to determine whether dl the services offered by component A are dso offered
by component B. The only differences dlowed, in the sarvices offered by component B,
are more specific inputs and more generd outputs, i.e. it works on the principle of object
Subtyping.

However, without <Sandardisation, there is no guarantee that the same naming
conventions for methods, parameter types and return types, will be used by different
vendors. There is dso no guarantee that two methods thet have equivaent sgnatures will
peform the same operaion, or handle the same boundary conditions equivdently, or
perform the same adgorithm with the same accuracy, and thus it is impossble to peform a
complete comparison of two components Smply on the Sgneture leve.



2.1.4.2. Semantic I nteroperability

The term semantic interoperability was firgt introduced by [Heler 1995]. In contragt to
sgnaure interoperability, which amply checks for compatibility and subditutability of
components based on method sgnatures, semantic interoperability is an atempt to ensure
that both requesting and providing components share a common underganding of the
meaning of the requested sarvices and data  Thus semantic interoperability includes
enauring agreement on, for example, the dgorithms for computing the requested vaues,
the dde effects of methods, or the source or accuracy of requested data dements
[Hernandez et al. 2000].

At the semantic leve, compatibility is now determined by whether or not the behaviour
provided by a component is the same as tha required by the client component. This can
be gpproached, for example, by showing that the preconditions of a component's
methods are met by the cdling components when invoking them, and that the methods
post-conditions satisfy the caling component’ s expectations.

Subdtitutebility a the semantic leve is based on “behavioura subtyping” [America
2000], and means that the behaviour of the subclass instances must be consgent with thet
of the supeclass ingances. This incdudes associding behaviours to dgnatures and
identifying subtypes that conform to their supertypes both syntacticaly and semanticaly.

Computing semantic  interoperability is undecidable in the formad sense Therefore
semantic  interoperability is far more difficult to compute than Sgnature interoperdbility,
gnce it is not dmply rdiant on operaiond or behaviourd semantics but may dso be
dependent on the context in which the components are used. For a more in-depth look a
semantic interoperability and behaviourd subtyping, the reeder is refered to works by
[America 2000][Liskov and Wing 1994][Dhara and Leavens 1996].



2.1.4.3.Protocol Interoperability

The protocol interoperability leve, firg identified by [Ydlin and Srom 1997], builds on
top of the sgnaiure levd and deds with the rdaive order in which an object expects its
methods to be cdled, the order in which it invokes other objects methods and the
blocking conditions and rules that govern the object interactions.

Two components are conddered compatible a the protocol leved if the restrictions
imposed on the interaction of each component when they cdl esch other are presarved
and their communication is deadlock free [Hernandez et al. 2000].

Subdtitutability at the protocol levd is determined by two man issues [Cand et al. 2000]
[Ydlin and Strom 1997]:

?? All operations of component A are supported by component B, i.e al messages
accepted by component A are aso accepted by component B, and component B's
outgoing messages when implementing component A’s sarvices are a subset of
component A’s outgoing messages, and

?? The rdative order of incoming and outgoing messages of both components is
conggent.

2.1.5. Components and Scripting languages

Thus far we have introduced the concepts of components and frameworks, but have not
indicated how components can be wired together to express compositions.

Scriptinglanguages  have  become  increedngly popular  for  configuring and  connecting
components to develop smdl flexible gpplications quickly and eesly. Indeed, according to
[Szyperski  2000], “wiring” components is surprisngly productive for rdaivdy sSmple
applications.

Although these languages typicdly offer hignlevd abdractions for connecting components
in a flexible manner, they generdly support a sngle, specific architecturd dyle, and are
desgned with a specific gpplication doman in mind (eg. grgphicd user intefaces — see
XwingML, section 3.2.1) [Ousterhout 1998] [Schneider and Nierdrasz 1999] .



2.1.6. Component Customisation and Re-use

In our discusson of CBSD up to this point, we have focussed on integrating COTS
components directly into the component framework, and have given little congderation to the
posshility of cugomigng the component firsd. This is sometimes necessary to dlow a
component to better fit the requirements of a particular system in which it isto be integrated.

Conventiond CBSD approaches do not generdly support the aility to adgpt, talor and
cusomise components in order to provide tight integration based on the usy’'s specific
requirements [Stogjanovic 2000].  While this does not pressnt as many problems for
components that have been developed based on widdy-accepted dandards in a specific
domain, and thet have agreedupon interface specifications, it does pose many problems for
CBSD in generd.

An incbility to adapt, talor and cusomise components means that components can only be
reused in very specific cases, and reduces the ability to reuse componerts that could
otherwise be reused. This results in a number of smilar components that provide the same
underlying functiondity, but that have been rewritten for different applicaions dealy
defeeting the goals of CBSD.

If one has access to the source code of a particular component, it is possble to modify
components before reusng them.  However, this is not generdly possble or advissble
because it increases the posshility of errors occurring in the component code, and very few
vendors would be prepared to release the source code for their components. Therefore, the
paangeisaion and configuration of components provides an  extremdy vdudble
mechaniam to fadlitaie the taloring of a component according to applicaion-gpecific
requirements and the environment in which it is to be deployed. This dso removes the
requirement that the component integrator have access to the source code of the components.
These two techniques increasse the ability of a component to be reused in different
gpplications and illusrate the spectrum of reuse possble which Basli et al. [1994]
characterise as: reused verbatim, dightly modified, extensively modified and new.



2.2. Expected Benefits of CBSD
The additiond work required initidly to deveop reussble components is well worthwhile.

The &hility to rgpidy assemble complex systems, based on wdl-defined interfaces, using

exiding, pretested components results in a number of quantitative and quditative benefits,
induding [Fan et al. 2000] [Herzum and Sims2000] [Szyperski 1998]:
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shortened system development cycles,

increased productivity through reuse of software;

increased customisation;

increased performance;

increased maintainability;

improved rdiability due to the use of higher qudity components thet have been
reused in a number of different gpplications, reducing the probability thet they have
erors,

reduced time-to-market;

reduced devel opment costs;

reduced maintenance costs, and

gnce components ae encgpsulated, it is possble to meke changes to thar
implementation without affecting dl the sysemsthat rely on them.

It is because of these numerous benefits that GIS applications are dowly becoming
dissggregated, component-based gpplications.  As an extenson to this paradigm, one of the

core aims of this research is to provide GIS and Locetion Service integrators with an
extensble architecture that will dlow them to sdect, configure, cusomise and then deploy

tightly

integrated assemblies of (locd and/or remote) components, based on Standardised

frameworks, rather than build whole systems from scratch.

2.3. Expected problemsand limitations

While we have highlighted the many benefits to be derived from the use of CBSD, many of
these benefits dso add to the complexity of cresting component-based goplications, for
example the necessty to be abdle to integrate components developed a different times by
different people, and possbly with different end-users in mind. One of the greatest potentials

0



for problems to arise is that one cannot dways foresee the incompetibilities that might arise
when components are used in combination. Therefore one of the key issues for building
goplications from reusable components is thet of interoperability.

There has been much debate about whether it is better to creste very specific components
with  wdl-defined, reasonably-scoped  functiondity, or more flexible generd-purpose
components [OMG 1999]. More specific components are generadly economic to design and
reuse, whereas more abdtract (generic) components can be reused in a wider range of
goplications, possbly across different gpplication domans.  However, the trade-off of
generdity is an increese in the cost of deveopment, and the time taken to undersand the
additiona requirements, document the component, as well as to test the component in a range
of gpplications. For in-depth discussons on the merits of both approaches, please refer to
[Niagara 2000] [Veryard 2000] and [Stojanovic 2000].

Ancther potentid problem with the use of software components, especidly digtributed
components that are integrated into the dient gpplication at runtime, is the issue of trus. The
use or reuse of a software component entals an implicit trust relationship that the component
will do what its specification says - nothing more and nothing less [Looney et al. 1998]. This
emphasises the vaue of trademarks and brand names in the abosence of secure mechanisms to
ensure that the data that is being provided is accurate, and the services that are being invoked
are providing the correct results.

Providing solutions to these problems fdl outsde the scope of this thess but is currently the
subject of much research within the fidd of CBSD in generd. This section has briefly
outlined some of the potentid issues tha should be borme in mind when devdoping
digributed component-based software in order to ensure that the reader is able to assess the
merits of such an gpproach.

2.4. Components and Distributed Systems

IBM has recently announced plans to invest $4 hillion to build 50 computer server farms
aound the world [Associaled Press 2001]. They believe that pay-per-use, onrdemand
computing power and dorage-capacity, will become a household commodity such as
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dectricity.  Although IBM ae initidly maketing the adlity to obtan extremdy large
amounts of processng power for resource intensve gpplications, such as dimate prediction,
sarver fams may one day provide the ability for users and service providers to make use of
them as temporary Stes for processng intermediate results before returning the fina result of

arequest that required services and data from a number of disparate locations.

Thus it is no longer necessry for a complex computationd operation to be handled by a
sngle sarvice provider, or for the originating client to process intermediate results.  The client
may issue a st of requests (Smilar to the idea of an itinerary for mobile agents, or service
chaining) which access remote sarvices and data, and dl the intermediate results are
processed (in alocation transparent manner) on a server farm.

This modd of operation may be a little “futuristic’ & the moment, but ill emphasises the
ussfulness of digtributed object technology theat adlows one to implement distributed services.
These sarvices may one day meke use of processng power obtaned from the above
mentioned server fams in a location trangparent manner, which if implemented correctly,
would not require any changeto client applications.

Didributed object technologies enable the invocation of methods on digributed objects
resding anywhere on a nework, possbly running on heterogeneous platforms and operating
sysems, as if they were locd objects  With the development of “bridging” technologies, eg.
CORBA’s IDL mappings, it is dso posshle for dients to access didributed objects
irrepective of the programming language and compiler used to cregte the distributed objects.

Didributed object technology encompasses not only the origind object-oriented modd, but
adso component technology [Fan et al. 2000]. Unlike objects that execute locdly as part of a
dient-gpplication, didributed objects live within ther own dynamic libray outsde of an
goplication, and are conddered to be components because of the way they are packaged
[Asapilla 1997]. This diginction is made clearer when one condders the definition of a
software component by Szyperski [1998] as “a unit of composition with contractually
specified interfaces and explicit context dependencies that can be deployed independently

and is subject to third-party composition”.



The use of didributed object computing provides a number of solutions to problems
asodiaed with exising monalithic gpplications, induding [Fen et al. 2000] [Fingar et al.
1997]:

?? The &bility to share (expensive) resources,

?? Paform and operding sysem independence, which dlows one to didribute
components of an application to computing platforms that best fit the task of each
object;

?7? The ability to leverage legacy code as pat of new gpplications or on different
platforms;

?? The ability to use the programming language best suited for a particular task;

?7? Increesed  efficiency, because the workload can be didributed across multiple
machines;

7?2 Applictions can be deployed interndly on a company’s intranet or globdly across
the Internet; and

?? The same digributed resources can be made use of by a number of different devices
such as desktops, workgations, PDAS, and mobile phones. This means that one no
longer needs to implement the same business logic multiple times for use by different

devices.

Thus many organisations ae beginning to implement component-based nHtier gpplications
based on popular didributed object technologies such as CORBA, Enterprise JavaBeans
(EJB), and DCOM [Moras 2000]. We have chosen to redtrict our research to the use of
CORBA objects and EJBs because both of them ae plafform independent solutions that
provide tight integration with the Java programming language (reesons why we chose to use
Java, based on the RADGIS gpplication's need to integrate a number of diverse emerging
technologies, are given throughout the thes's).

24.1. CORBA

The Common Object Request Broker Architecture (CORBA) is a didributed, objectoriented,
middleware specification devdoped by the Object Management Group (OMG) that ams to
fedilitate portability and interoperability of objects across heterogeneous networks [Fan et al.
2000]. Possbly the higgest advantage that CORBA has over other distributed object



technologies such as EJB’s and DCOM is that the programming language and compiler used
to creste the sarver objects may be different from the programming language used to
implement the dient objects thus providing programming language independence In
addition, the location of digributed CORBA objects as wdl as the specific platfform and
operating sysem they execute on, are totdly transparent to clients. CORBA therefore
provides an ided mechanism for creding 3tier (or ndtier) didributed gpplications, which
goes beyond providing smple interoperability [Orfai and Harkey 1998].

Interface IDL Implementation
Repository Compiler Repository

inargs

O )
Client operation ()
out args + return value

- Standard interface :] Standard language mapping
- ORB-gpecific interface [:] Standard protocol

Figure 2.2. CORBA ORB Architecture [Schmidt 2001]

Five of the main components of CORBA ae [Asapilla 1997] [Fan et al. 2000] [Orfai and
Harkey 1998]:

?? The Object Request Broker (ORB) — ORBs are the core of the CORBA specification.
They intercede on the client and sarver objects behdves handling the flow of
messages between the dlient goplication and the didributed object(s) using the
Gengrd Inter-ORB Protocol (GIOP), the Environment-Specific Inte-ORB Protocols
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(ESIOPs) for interoperation over specific networks, or most often the Internet Inter-
ORB Protocol (110P).

?? The Inteface Definition Language (IDL) — is a programming language independert,
declarative language used to define the sarvices provided by objects independent of
their implementation, i.e. the IDL is used to specify the modules interfaces, daa
types, methods, argument types and return types of the digtributed objects.

?? The Interface Repository (IR) — is a searchable, persstent sorage mechanism for IDL
interface declarations. It dlows dient gpplications to navigate an object’s inheritance
hierarchy and provides descriptions of al operations that an object supports as well as
type information necessary for iswing requests usng the Dynamic Invocation
Interface.

?? The Dynamic Invocation Interface (DIl) — is a generic dient-9de stub cgpable of
fowarding any requet to any object, usng runtime interpretation of request
paanges and operaion identifiers to peform the marshdling and unmarshdling of
requests.  The DIl is therefore often used together with information obtained from the
IR, and is extremdy useful for meking use of digributed objects for which compile-
time knowledge of their interfaceswas unknowrt.

?? Object Adapters (OA) — act as an inteface between various object implementations
and the ORB, providing services such as the generdtion and interpretation of object
references, mapping object references to implementations, object method invocation,
and the activation and deectivation of objects and implementations (see figure 2.3)

Of particular interest to us, with respect to the integration of GIS sarvices into the RADGIS
dient & runtime, is CORBA’s capability to peform dynamic discovery of objects and
services, because CORBA objects are self-describing and introspective.  CORBA's dynamic
fadlities, including the Trader Service, Dynamic Invocation Interface (DII), and the Interface
Repogtory, dlow the cregtion of extremdy flexible systems that dlow runtime discovery and
lae-binding [Orfdi and Harkey 1998]. This is especidly useful in the distributed Web

! Thisisin contrast to the normal mode of operation whereby IDL declarations are compiled
into programming language-specific stubs, dlowing dientsto invoke operations on known
objects.



environment where a user is adle to discover new services and then make use of them
trangparently.

Client Objects Server Objects

C Object Reguest Broker (ORB) >

Object Services

Figure 2.3. Simplified Object Management Architecture

2.4.1.1.CORBA Trader Service

The CORBA Trader Service offers a brokerage facility, i.e. it alows objects to publicise
their sarvices and bid for jobs Clients may specify queries in a formaised congraint
language, and the trader responds by providing zero, one or more matching CORBA
object references that the client can use to bind to a server object of its choice. Traders
are particularly ussful in systems where there are many objects offering the same service.
In this case it becomes impractica to indst that every object be uniqudy identified by
name [Resnick 1996]. The Trader Service therefore provides a mechanism to
diffeentiaste services implemented as CORBA objects by their properties eg. cog,
implementation dgorithm, platform on which it is running, type of input data s, and
output type.

Currently, the CORBA Trader gpecificaion supports only passve sHf-regisratiion of
objects with the Trader Servicee However, it is not unlikely that in the future, the trader
will be able to activly seek out sarver objects in a manner Smilar to thet of current Web
search engines. Orfadi and Harkey [1998] and Resnick [1996] describe an Object Web
environment contaning piders cawles, and bots, that will dynamicdly discover
CORBA objects and store them in up-to-date Traders.



2.4.1.2.CORBA Component M odel

The vendor-neutrd CORBA Component Modd (CCM) forms part of the CORBA 3
Specification developed by the OMG. It is an enhancement to the current, widdy-
adopted CORBA 2 Specification that extends the basic architecture defined in the EJB
Specifiction, providing a framework for building, assembling and  deploying
components, referred to as CORBA components [ ScreamingMedia 1999].

The CCM gspecification defines two level of component: basc and extended [Pharoah et
al. 2000]. Basic components have the same capabilities as EJBs (as defined by release
11 of the EB Specification), and interoperability between basc CCM components and
EBs is possble usng the IIOP protocol. This dso means that it will be possible to
seamlesdy access EIBs usng CORBA CCM clients implemented in a wide range
programming languages, including Java, COBOL and C++.

According to Jon Seigel [2001], the 3 mgor features of CORBA Components are:

?? A container environment that provides support for transactions, security, and
persstence, and aswell asinterface and event resolution.

?? Integration with Enterprise JavaBeans It will be possble for Enterprise
JavaBeans (EJBs) to act as CORBAcomponents, and therefore EJBs can also be
deployed in a CORBAcomponent container. The advantage of usdng
CORBAcomponents, as opposed to usng EBs, is that they can be written in
multiple languages and support multiple interfaces.

?7? A multi-plaform software distribution format, induding an inddler and XML-
basad configuration toal.

While we have not made use of the CORBA Component Modd in our research, because
an implementation of this andard was not yet available, it holds much potentid for the
devdopment of didributed gpplications, which are composed of components that are
independent of implementation language and platform.



2.4.2. Enterprise JavaBeans

The Enterprise JavaBeans (EJB) dtandard defines a component architecture for deploying
components cdled enterprise beans, in an EJB contaner. The EJB contaner provides
runtime services to the components, such as life-cycle management, threading, transaction
support, security and persstence. Thus the Enterprise JavaBeans modd is smpler than the
CORBA modd because the EBB container is respongble for the provison of these services
[Sun Microsystems 2001b]. (Hence the introduction of the CORBA Component Modd, see
ction 24.1.2).
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Figure2.4. Thebasic EJB Model [Raj 1999]

An enterprise bean is never accessed directly by the dient, but rather through the EB
container, which intercepts the method cdls and provides the required services  This means
that components are implemented without the complexity of explicit middleware code
required to implement these sarvices. Ingtead, should transaction support or security be



required by a particular component, they could be specified dedaraivdy a the method leve
a deployment time,

In contrast to CORBA, which is implementation language independent, EJBs are based on
the Java programming language. However, just like CORBA, EIBs can be deployed on any
plaform and operating system that supports the EJB standard.  Interoperability between EIBs
and CORBA objects is made possble through the use of the Internet Inter-ORB Protocol
(110P), which is now supported by Java RMI. This is particulally usef for dlowing non
Java clients to make use of EJBs.

The EB architecture therefore smplifies the development of highly scaable, digtributed,
component-based, enterprise sysems that have srong transaction and security support [Fan et
al. 2000].

2.5. Summary

In this chepter we have provided some background information on CBSD issues that were
taken into condderation when building our RADGIS architecture and specificdly in the
deveopment of the DGCML meta language for creating and deploying GIS services based on
locd and distributed components.

It provided indght into issues of compatibility and subditutability of components, as wdl as
factors affecting the reuse of components. The overriding benefits of CBSD as well as the
inherent problems and limitations of this approach were discussed, and once agan we
dressed the need for interoperability, which is best achieved through the specification of and
rigid adherence to sandards.

“Stand-done’ GIS sarvices (large-grained components) require very little integration with
the dient gpplication. This is advantageous as it reduces potentid complexity for the end
user, who would genedly not have any programming skills who wishes to “tightly”
integrate new GIS sarvices with the dient agpplication.  However, it is dso possble to
amplify the integration of components that have dependencies on other components or on the



client application if both the client and the component(s) conform to agreedupon Standards,
such as the OpenGIS® Speification defined by the OGC.

Two didributed object technologies used in the devdopment of our proof of concept
RADGIS client were discussed briefly. Both the CORBA and EIJB specifications are fairly
smilar. CORBA is an open sandard that provides programming language independence,
whereas the EIB specification is Java specific and was devdoped as pat of the Java
Community Process. The mogt important feature of these didtributed object technologies is
the ability for dient gpplications to make use of didtributed objects as though they were locd.
This in turn dlows a large degree of location transparency when working with distributed
resources, increesing the efficiency and flexibility of applications while reducing unnecessary
complexity through the use of high-leve digtributed object programming congtructs.

Thus we are now amed with an understanding of CBSD and the additional functionaity
provided by digributed object technologiess  This will dlow us to kesp in mind the
requirements that must be conddered when devedoping the components and the component
framework that are to become the extensible distributed GI'S based on interoperable services.



Chapter 3
XML - Enabling CBSD and Deployment

“Make everything as simple as possible, but not simpler.”
Albert Eingein (1879-1955)

This chapter will introduce some background information about XML in order to demondrate
how we have usad it to develop a wiring language, cdled DGCML, which can be used in the
devdlopment and deployment of component-basad software. It dso provides a description of
what DGCML has been desgned to achieve and, together with section 2.4 on didributed
component-based software development, provides our approach to generating gpplications
dynamicdly a runtime.

Although the use of DGCML to creste gpplications by wiring together components is a
generic gpproach, which is not redricted to the GIS domain, there are a number of problems
with trying to integrate components that have been deveoped by different vendors, possbly
usng different naming conventions. Therefore this approach will be most successful when
used in a specific goplication domain, such as GIS, in which there has been a tremendous
focus on dandardisation and interoperability.  This is the focus of the next chapter in which
we explan how the development of our RADGIS gpplication was influenced by different
GIS architectures and the standardisation efforts undertaken by the Open GIS Consortium.

4



3.1. XML Basics

The Extensble Markup Language (XML) [Bray 1998], developed by the World Wide Web
Consortium (W3C), is a standard for encoding data in plain text (i.e. not a binary format) thet
has seen rgpid adoption by indudry. It is a subset of the Standard Generdised Markup
Language (SGML) that was pecificdly dedgned for ease of implementation, and for
interoperability with both SGML and HTML.

While there has been a lot of hype surrounding the usefulness of XML (see [Kamthan 2000]),
it does have a number of tangible benefits tha make it an extremdy vduade tool for
developing didributed applications where high levels of interoperability are required.  These
ae primaily due to the naure of XML which is sdf-describing, can accommodate both
document and data dructures, and dlows one to define customized markup languages. Other
important advantages include [ Software AG (current)] [S. Laurent 1999):

?? Clear separation of content from presentation. XML is not a presentation grammar —
the tags in an XML document provide contextud information that can be usad to
interpret the meaning of the data However, an XML document can be displayed in
any number of different ways by smply applying different Syleshedtsto it.

?? Providing portable data XML-encoded documents do not require a (vendor-) specific
goplication for viewing or editing the deta

?? Support for multilingual documents and Unicode. This is an important congderation
for the internationdisation of applications

?? Ability to embed multiple data types There is no limitation on the type of daa that
can be dored in an XML document. Thus it is possble for XML documents to
contain a wide range of possble data types from multimedia data (imege, audio,
video) to active components (Java gpplets, ActiveX).

?? Sepaaion of file handling from application architecture.  The parsng of XML
documents tends to be assgned to a prebuilt component, leaving the gpplication
developer to concentrate on processing the deta

?? Clean integration with OOP. The hierarchica tructures of XML map well to objects
and properties. This is paticulaly true of XML documents based on the XML
Schema language, which supports data-types and namespaces. However, one must be



aware of mapping issues such as when to aggregate dements or when to use
references, and how to represent references between items.

?? Program compostion based on document content. Mapping XML content to object
dructures, together with late-binding permits the runtime condruction of programs
based on XML document content. This has been shown to be useful for smplifying
repetitive  programming chores like GUI condruction. (See relevant sections on
BeanML, XwingML and our DGCML)

However, there are dso some disadvantages associated with the use of XML. Theseinclude:

?? the verbose nature of XML — because XML is a plain text markup language, and there
is a lot of dructurd/meta-information associated with XML documents, the XML-
encoded informetion is less efficent than binary formas in tems of dze and
performance. The lager XML representations adso impact on bandwidth
requirements when transferring XML documents across a network/the Internet.

?? (tongue firmly in cheek) not being able to lock customers into a proprietary software
solution and inscrutable file format.  However, this is dearly not an issue if one is

committed to the development of open systems.

The issue regarding the performance of XML, as a text-based representation as opposed to a
binary representation, will not severdy limit XML's ussfulness and gpplication as disk space,
network bandwidth, and CPU’s are congtantly getting chesper/faster. In addition, the use of
compresson techniques, such as XMLZip, dlows for a dgnificant reduction in the sze of
XML-encoded data. Compresson techniques can adso be used effectively in the endto-end
transmisson of XML data, for example usng HTTP/1.1, which can compress data on the fly,
thus saving bandwidth as effectively as a binary format. Alternatively, if one makes use of
the XML DOM API, XML files can be compressed based on the node leve in the XML
document. This dlows the XML file to be uncompressed on the dient side according to the

soecific node the user is referencing, raher than uncompressng the entire document
[Kamthan 2000].



3.1.1. DTD versus Schema

A DTD is a st of rules, written usng the DTD language, tha specify which dements are
dlowed in an XML document, the order in which they can gppear, and which of the dements
have atributes [Mder 2000]. The DTD language, however, has two mgor short-comings
the lack of datatypes, and the inability to support the use of namespaces [Radiya and Dixit
2000].

The XML Schema specification, which was developed subsequent to the DTD, is a much
richer and more extensble way to describe the rules for the content of a document than using
a DTD. The bendfits of usng the XML Schema language as opposed to the DTD language
include:

?? XML schema are written in XML as opposed to requiring the user to learn a separate
XML Schema language. Therefore XML schema may be edited and processed with
the same tools as XML documents. In contrast, DTD’s are written in a non-XML,
DTD-specific language.

?? The XML Schema language supports the definition of data types, the specification of
numeric ranges, sets (not possible in a DTD), regular expressons and checks on text
content. It dso dlow dement content to be specified as unique through the use of
keys.

?? Multiple dements may be defined with the same name but different content.

?? The XML Schema language provides support for Namespaces [Bray et al. 1999,
which makes the reuse of entire XML vocabulaies and/or individud structure
definitions easer. (Although the devdopment of the XML Namespace specification
was caried out independently of the XML Schema specification, it is not possble to
make use of XML Namespaces using the DTD language.)

Many of the benefits lised above are a direct result of the XML Schema having much in
common with programming languages, eg. object-reuse through inheritance, the crestion of
usr-defined types, and namespace sooping.  Despite the complexity introduced by the XML
Schema, the overwheming bendfits listed above ensured that after a lengthy debate on the
merits of the DTD versus XML Schema specifications, the W3C formdly accepted the XML
Schema specification as a W3C Recommendation on 1 May 2001 [Whitlock 2001].



At the time of writing this thess, our DGCML grammar (see section 3.4 and section 5.2.2)
was specified usng a Document Type Definition (DTD) file.  While the advantages of using
the XML Schema, as wdl as namegpaces and linking, will provide additiond flexibility to
DGCML, there is currently no compdling reason, or additiond functiondity required thet
can only be achieved by usng XML Schema Therefore, dthough we will probably convert
our DTD to an XML Schema representation a a later stage, once more mature products and
support for this new dandard become avalable, it currently adds litle vaue to our proof-of-
concept system.

3.1.2. SAX versus DOM

Two dominant standards exist for XML processing, namely the Simple APl for XML (SAX)
devdoped by members of the XML-DEV maling-ig, under the coordination of David
Megginson [Megginson 2000], and the Document Object Modd (DOM) which is currently
being developed as a W3C specification [W3C DOM WG 2001].

SAX is an event-driven modd that “reads’ the document, and is supported by dmos dl Java
XML pasars [St.Laurent 1999). The module usng the SAX reader supplies “calback”
methods that are invoked as the SAX parser encounters tags, eements and properties in the
XML document. It is up to the devdoper to supply the implementation of the “cdlback’
methods to perfform the desired operation, for example, to build an in-memory gructure
corresponding to the document.

SAX requires more programming that the DOM, and is limited in processng functiondity in
comparison with the DOM because the parser only knows about the current node, and can
only process nodes that are children of the current node, i.e. it does not inherently provide a
mechanism to access informaion about previous nodes. However, it is faser and more
memory efficient than the DOM as it does not store the entire document mode in memory at
onetime

DOM, in contras, is a tree-based modd of the document, i.e. a DOM parser cregies a
hierarchical tree representing the entire data dructure in memory, and passes this
representation back to the gpplication for manipulation as a Document Object. This can
obvioudy cause problems when the document is large.  However, this is a trade-off againg
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the ability to perform more sophidicated processing than would be avalable usng the SAX
[Cagle 2000].

Our DCGML interpreter currently makes use of the DOM parser (as does BeanML), athough
it could jut as easly have been implemented usng a SAX parser because the DGCML
interpreter Smply reads the document from gdart to finish, building the GUI, and keeping
hashtebles of components and objects that may be referenced later in the document, or by
components in a DGCML descriptor of another service, ie it is a dngle-pass interpreter.
The sze of the DGCML files is relatively smal because they are intended to be essy to read
and modify. Complex operations, which might otherwise cause the DGCML file to become
unwiddy, would normdly encapsulate some programming concept that would be best
implemented as a Java class. That Java class would then be referenced in the DGCML
descriptor to provide the desred functiondity, smply and effidently. Thus the performance
issues asociated with keeping the entire document in memory using the DOM parser are
negligible

3.2. XML for Wiring Components

The use of XML has not been limited to smply formatting documents, but has aso been usd
to create vocabularies that dlow one to compose gpplications with XML by wiring together
components. One example is IBM’s BeanML, which dlows one to wire JavaBeans, and
creste GUI's by wiring together GUI components. Another example is XwingML, which
alows the specification of GUI’'s composed of Swing components.

While both of these wiring languages were discovered subsequent to the development of our
DGCML wiring language, they confirm the vdidity of our goproach. Feature comparisons
show the drengths of our language, which provides a superset of the operations available in
these competing technologies. This is because DGCML was designed with three main gods
in mind, the ability to deploy services composed of local and remote components, together
with an easily-configurable GUI and an easily-integrated help system.



3.2.1. XwingML’

XwingML (pronounced "zwing-M-L"), developed by HP Bluestone Software, enables users
to build XML documents that define a complete Java Swing GUI  [BlueStone 1999).
Although XwingML is smilar to BesnML (see section 3.2.2), it is a more specific vocabulary
amed a a paticuar aea of Jaa deveopment, i.e GUI deveopment, as opposed to
BeanML, which isamore generd vocabulary for wiring JavaBeans [ StLaurent 1999].

A dmple example of XwingML, teken from [Bluestone 2000], illusraes the sort of
information stored in a XwingML descriptor file.

<JMenuBar >
<JMenu text="File" menonic="F">
<JMenul tem i con="open.gi f" text="0pen"

actionLi stener="COpenFile"/>
<JMenultem i con="save.gi f" text="Save"

acti onCommand="save"
acti onLi st ener =" SaveFi |l e"/>
<JMenultem text="Exit"

acti onLi stener="com bl uest one. xm . swi ng. Xwi ngMLExi t"/ >
</ IMenu>

</ JMenuBar >

XwingML comes with an XML DTD that defines the full set of Swing/Java Foundation Class
(JFC) classes and properties, as well as support for al Swing/JFC Ligteners [BlueStone
1999]. It dso indudes templaies for meking a wide varigy of GUI interfaces, induding
menus, frames, and didog boxes [WebTechniques 1999]. The XwingML dlows GUI's to be
eedly specified by smply editing an XML document. The XML document is then read in by
the XwingML parser, which dynamicaly generates the Java GUI.

" XwingML is no longer supported/available for download from BlueStone



Specifying the GUI of an gpplication separatdly as an XML document has a number of
benefits, induding [BlueStone 1999] [WebTechniques 1999):

?? JavaGUI cregtion without Java coding or compile cycle,

?? Java GUI defined in humanreadable XML, which is doser to plan English and take
less time to learn than Java,

?? Ease of code mantenance and re-use because tere is a clear separation of the GUI
code from the gpplication logic.

XwingML’s focus on representing Java Swing GUIs has enabled it to provide a fairly easy to
use syntax for specifying reativdly complex Swing GUIs.  However, it is limited to usng
Swing components, and does not dlow one to specify more generd operdtions, such as
working with non-GUI objects, as possible with BeanML and our DGCML. [f the XwingML
syntax were to be extended to dlow the more generic operations provided by BeasnML and
DGCML, it would require the specification of a very detailed DTD or schema because of the
use of eement and attribute tags to represent the name and properties of each class.

3.2.2. Bean Markup Language (BeanML)

IBM Alphaworks Bean Makup Language (BeanML) is an XML-based component
configuration or wiring language that is cusomised for the JavaBean component modd. It is
not a full scripting language, but ingead serves only to describe how JavaBean components
relate to one another in terms of their configuration.

A gmple exanple of BeanML, illudrates the sort of information stored in a BeanML
descriptor filel,
<bean cl ass="j avax. swi ng. JMenuBar" >
<add>

<bean cl ass="javax. swi ng. JMenu" >

1In order to alow a syntactic comparison of BeanML, XwingML and DGCML, the smple
code extracts implement the same trivid task of setting up part of amenu. The code extracts
should not, however, be congdered a reflection on the power and flexibility of the wiring

languages.



<args> <string value="File"/> </ args>
<property name="mmenoni c" val ue="F"/>
<add>
<bean cl ass="j avax. sw ng. JMenul teni' >
<ar gs> <string val ue="Open"/> </ args>
<property nane="icon" val ue="open.gif"/>
<property nane="menoni c" value="0'/>
<event - bi ndi ng nanme="action">
<script>
... open filedialog, etc.
</ script >
</ event- bi ndi ng>
</ bean>
<bean cl ass="j avax. swi ng. JMenul t ent' >
<args> <string val ue="Save"/> </ args>
... Additional detailsfor Save Menultem omitted for brevity ...
</ bean>
<bean cl ass="j avax. swi ng. JMenul teni' >
<property name="text" value="Exit"/>
<property nanme="menoni c" val ue="x"/>
<event - bi ndi ng name="action">
<script>
... tidy up, and exit gracefully
</ script >

</ event- bi ndi ng>

</ bean>
</ add>
</ bean>
</ add>
</ bean>

There are many conceptud similarities between BeanML and our DGCML, as they both
atempt to facilitate Smilar behaviour.  However, there ae adso some fundamenta
differences, the most important of which is that BeanML does not support distributed
goplicaion development.  In addition, BeenML is a very genad <olution to wiring beans
together, whereas our DGCML was built specificdly for making up descriptions of
digributed GIS sarvices, induding deployment informetion, a description of the service its
GUI, and its associated help system.



BeenML is extensble’, ad is a more generd soluion for developing applications
declaratively than our sysem. While it may have been posshble to extend/customise BeanML
to provide amilar functiondity, we have kept our origind desgn raher than adopting and
extending the BeanML approach in order to avoid the complexity of BeenML due to its
generdised gpproach.  Our system was developed to solve the specific problems associated
with the devdopment of a dynamic interface for GIS components, based on the incluson of
remote services implemented as EJB or CORBA Objects. In addition, one of the
requirements wes that it should be smple to modify, so that non-programmers could
understand, and customise, any pat of the GIS service destriptor by smply editing the XML
text.

3.3. XML for deploying applications

With the rapid growth of the Internet, there can be little doubt that we are moving away from
the danddone, or "unconnected” modd of operation, and migrating towards a highly
networked environment.  This has resulted in the network becoming a powerful medium for
software didribution.  No longer does the didribution of software have to incur the cogst
overhead of producing CDs or floppy disks. Ingtead, wherever possble the network may be
used to dlow endusers to download software. This may be done actively using the ‘pull”
paradigm, or passvey though the “push” paradigm [van Hoff et al. 1997]. This clearly has
an impact on how software is deployed and requires new deployment software technologies
to be devel oped that support this new digtribution medium [Hall et al. 1999].

Part of the functiondity provided by our DGCML is the deployment of GIS services that may
execute locdly on the dient maching, or remotdy on a sarver, or as a combination of locad
and remote camponents. Therefore we have included a brief overview of two popular
deployment mechaniams to illustrae the dmilaities in the information dored by each of
them aswell as the information stored in our DGCML descriptor file.

! BeanML alows one to develop special classes for evert-handling, performing type
converson, and to overload the <add> operation for adding different beans.



3.3.1. OSD

The Open Software Description (OSD) specification is an XML-based, open industry data
forma for the automation of software distribution over the Internet or corporate intranets. It
has been included here because there is overlgp between the functiondity that has been
induded in our DGCML wiring language, and information dsored about software
components/gpplications deployed using the OSD specification.

The OSD vocabulay is used to describe deployment-related information about software
packages and ther inter-dependencies, and can be used to deploy Java packeges, Java
ganddone goplications and plaiform native code [van Hoff et al. 1997]. Deployment occurs
when the dient, usudly a browser, parses the OSD file and then downloads and inddls the
necessary components.

OSD was discovered when our DGCML design was dready in an advanced stage. It has
cgpabilities for identifying metadata beyond those in our DGCML description, such as
operaing sysem and verson, processor, and language requirements as wel as dependency
information.  Incorporating these cgpabiliies into DGCML would be beneficid if our
language were to become more than smply a mechanism to implement our proof -af -concept
sysem RADGIS. However, DGCML could essily be extended to include such metedata
without affecting its core structure.

The OSD specification provides an XML-encoded vocabulary that can be used to describe
software  components, their versons, their underlying dructure, and their interdependencies
with other components. Our DGCML dso contains deployment information, but is amed a
finer-grained components that fecilitate the development and deployment of GIS sarvices In
addition, DGCML specifies the GUI for invoking the components as well as information
necessary to integrate help for that service into the dlient gpplication’s help system.



A smple example of OSD, taken from a specification submitted to the W3C (see [van Hoff et
al. 1997)), illugtrates the sort of information stored in an OSD descriptor file.

<SOFTPKG NAME="com f oobar.ww. Solitaire" VERSION="1, 0,0, 0" >
<TI TLE>Solitaire</ TI TLE>

<ABSTRACT>Sol i tai re by FooBar Cor porati on</ ABSTRACT>
<Ll CENSE HREF="http://www. f oobar.com' solitaire/license.htm" />
<l -- FooBar Solitaire is inplemented in native code for Wn32, Java
code for other platfornms -->
<| MPLEMENTATI ON\>
<OS VALUE="W nNT" ><OSVERSI ON VALUE=" 4, 0, 0, 0"/ ></ OS>
<OS VALUE="W n95"/ >
<PROCESSOR VALUE="x86" />
<LANGUAGE VALUE="en" />
<CODEBASE HREF="http://ww. f oobar.org/solitaire.cab" />
</ | MPLEMENTATI ON>

<| MPLEMENTATI ON>
<| MPLTYPE VALUE="Java" />

<CODEBASE HREF="http://ww. f oobar.org/solitaire.jar" />

<l -- The Java inpl ementati on needs t he DeckOf Cards object -->
<DEPENDENCY>
<CODEBASE HREF="http://ww. f oobar. org/cards. osd" />
</ DEPENDENCY>
</ | MPLEMENTATI ON>
</ SOFTPKG>

While mogt of the above example is farly sdf-explangory, it is worth pointing out that the
Solitare software package specifies that there are two different implementations of Solitaire
avalable. The fird verdon is packeged in a standard windows CAB file, and requires
Windows 95 or WIinNT verson 4.0 to run. The second verson is a Java verson, which does
not have paticular operaing sysem requirements (for obvious reasons), but has a
dependency on ancther piece of software whose deployment is specified by the cardsodd file.

Should the software specified in the cards.osd file not be ingaled on the locd machine a the
time of inddling the Jaa veson of <itare it will be inddled before the litare
ingtallation begins



3.3.2. JNLP and Java Web Start

Due to the ovewhdming emphess being placed on making everything Web browser-
endbled, there has been a drong drive by Sun to deveop Javabased server-sde technologies,
a seen in the devdopment of the Serviet and J2EE specifications, while the dientsde has
remained reatively nedected. In fact, according to [Rohdy 2000] “it’s been accepted for
some time now that client-side Java is dead”.

Many people are dowly redisng that trying to make many different types of gpplications fit
the Web browser dyle is not dways possble or prudent, paticulaly due to browser
limitations such a the limited grgphics capabilities, rdativey primitive GUI, and
incompatibilities between different browsers and versons.  Thus there is dill a very red
demand for dient-9de goplications, as opposed to browser-based front-ends, tha interact

with server-side processes.

It was the smplicity of the web-browser and the built-in security that have made it such a
popular development platform. However, with the hdp of the recently launched Java Web
Start and Java Network Launch Protocol (JNLP), these same benefits, together with a number
of others mentioned below, may yet ensure that Java becomes a viable client development
platform.

Java Web Start, devdoped by Sun and its partners under the Java Community Process, is a
dient-9de helper gpplication thet is invoked when a browser encounters a link with a MIME
type gpplicationjnlp and file extenson .JNLP [Rohdy 2000]. Clients therefore no longer
require a browser with a VM in order to run these applications or applets. Instead, the Java
Web Stat Application Manager can be used to launch the gpplications or goplets (and
perhaps launch an externd VM if required), ingdl the gpplications so that they may be
executed through icons on the desktop, or even launch these applications when offline.

This gpproach dlows one to launch dient-9de goplications that provide richer functiondity
than HTML, without the need for a browser or gpplets. In addition, the use of INLP provides
a number of runtime features that make JNLP-based gpps more attractive than gpplets, such
as[Rohaly 2000] [Sun MicroSystems 20014 [Liron 2000 :
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guaranteaing plaiform compatibility by automaicdly detecting, inddling, and using
the correct version of the Java Runtime Environment for a particular gpplication.

providing the ability to launch applications or applets from the browser or the
desktop.  (gpplet integration is built into Java Web Sart, dlowing exising goplets to
be deployed without modification.)

verson checking ensures that newer versons of the applicaion are downloaded as
they become available.

clases used by the goplication are automaticaly cached and updated locdly so that
the start-up timeis dramaticaly reduced after the first time the application is used.

enhanced security, which goes beyond the Applet sandbox modd, ensures that loca
resources, such as the file-sysem, may be used in a secure manner without the need
for 9gned code. However, it is ds0 possble to grant additiond permissons to signed
code.

the ability to findy control how gpplications ae downloaded. For example, it is
possble to load one smdl JAR immediately, and the others on demand.

A jardiff mechaniam facilitates incrementd updates such that only the classes in a
JAR that differ from the locdly-cached copies are downloaded. Thus updates to an
application need not require the entire new verson to be downloaded.

Once again, the best way to illustrate what sort of information is stored in a .JNLP file is to
provide a ample example. The .JNLP example below is Sun's "Draw” example gpplication,
avalable a http://javasun.com/products/javawebstart/demos.html:

<j nl p>

<i nformati on>
<title>Draw/title>
<vendor>Sun M crosystens, Inc. </ vendor >
<descri ption>Draw</descripti on>
<description kind="short">A mininmalist drawi ng Application
along the lines of Illustrator.</description>
<icon ref="http://ww. swi ngt eam conl j unpj ars/draw. j pg"/>
<of fline/>
</information>
<jre version="1.3.0 1.3 1.2"/>



<codebase>

<jar ref="http://ww. swi ngt eam com junpj ars/draw.jar"/>
</ codebase>
<application nainclass="Draw"/>

</jnlp>

The .INLP descriptor file is read by the Java Web Start Application Manager which then
decides whether the applicaiion needs to be downloaded or updaed, then runs the
gopliction.  Figure 3.1 provides a pictorid overview of the entire process, from sdecting a
link to a .JNLP file, to the launching of the gpplication once dl the necessary checks have
been made and files downloaded.

Figure3.1. TheJavaWeb Start architecture[Rohaly 2000]



3.4. Our Digributed GIS Component Markup Language
(DGCML )

In the devdopment of our proof-of-concept system, we have made use XML to transfer
metadata about the implementations of individud GIS savices  DGCML dlows the
devdoper of GIS savices to make use of locd andlor remote objects, and contans a
decription of the sarvice, what components make up its GUI (if there is one associated with

that service) as well as links to the necessary help files for that service’. DGCML has been
desgned specificdly to be easy to undersand and edit, and its programming syle is dose to
Java.

The extract of DGCML beow, based on the example used in XwingML and BeanML,
illugtrates the sort of information stored in aDGCML destriptor file

... deployment infor mation ...
<@J >
... other GUI components...
<Component nane="defaul t MenuBar" type="MenuBar">
<Conponent nanme="fil eMenu" type="Menu">

<Property nane="text" value="File"/>

<Conponent nanme="OpenM " type="Menultent >

<Property nane="text" val ue="Cpen"/>

<Met hodCal I Ret urnVal ueDest =" _openl con"
Ret ur nType="j avax. swi ng. | magel con"
name="constructor">

<Par am Dat aType="j ava. | ang. Stri ng" Source="open.gif"/>

</ Met hodCal | >

<Property nane="icon" val ue="_openlcon"/>

<Event type="action">

... MethodCalls...

</ Event >

1 Further implementation-specific details are provided in Chepter 5, which deds with the
implementation of the RADGI S application.



</ Conmponent >

<Conponent name="SaveM" type="Menultent >
<Property nane="text" val ue="Save"/>

... additional detailsfor Save Menultem omitted for brevity ...

</ Conponent >

<Conponent nane="ExitM" type="Menulteni>
<Property nane="text" value="Exit"/>
<Event type="action">

... MethodCalls...

</ Event >

</ Conponent >

</ Conponent >
</ Conponent >

</ QUI >
... help system inform ation ...

Although DGCML weas origindly developed to support GIS services implemented as remote
objects, it dso supports the use of locad GIS services that have downloaded to, and ae
executed on, the client machine as part of the dient GIS application.

We have chosen to implement the loca components as Java objects, deployed as JARs, and
the remote components, as Enterprise JavaBeans (EJBs) and CORBA Objects. It should be
noted that some sarvices are implemented as a combination of finer-grained ojects that may
be locd or remote. Thus, like BeanML, our DGCML facilitates the crestion of hierarchies
whereby one “complex” DGCML descriptor may contan a reference to one or more
DGCML files that contain descriptions of “dmple’” components that may reside locdly or
remotely.

The idea of usng XML to specify how JavaBeans may be wired together to creste an
goplication, is not nove (see section 3.2.2 which describes BeanML). However our gpproach
to the creation of an XML descriptor for GIS services, hat includes gpplication metadata and
the ability to wire Java objects and Swing components to provide a GUI, that facilitates the
invocation of local and/or remote methods, and can be incorporated into a client GIS
goplication a runtime, isnovd.



3.5. Summary

In this chepter we have presented four XML technologies that overlgp with, or have
influenced, the devdopment of our DGCML. BeanML and XwingML are markup languages
tha enable a user to compose gpplications based on JavaBeans, and develop GUI's based on
the Swing/JFC cdlasses respectively. OSD and JNLP are deployment descriptor vocabularies
thet alow gpplications to be deployed across the Internet.

Our DGCML can therefore be bet described as being a combination of a deployment
descriptor and a wiring language for components that implement GIS sarvices, or even dand
done gpplications.  All that is required on the dient-Sde is the DGCML interpreter that reads
in the DGCML descriptor, downloads the necessary support classes, and builds the GIS
service using Java Reflection and JavaBean APIs.



Chapter 4
Factors influencing the design of RADGI S

“I can't under stand why people are frightened by new ideas.
I'm frightened of old ones.” John Cage (1912-1992)

With the exploson of the Internet, one has seen a shift in focus from commodity-based
economies to data-driven economies. Many companies have invested heavily in sysems that
will dlow them to peform data mining, for example data visudisation and trend andyss in
order to retain competitive advantage. However, with the exception of specific industries that
ry heaily on GIS functiondity, eg mining, tdecommunications, forestry and
consarvaion, most busnesses have not made use of gpatid andyss to support business
decisons, or in the derivation of income.

This is surprisng when one condders that according to sudies [Daisey 2000], induding “GIS
in busness’ conducted by Dutchtbased Ravi Business Plaform in collaboraion with the
Vrije Universteit, Amsterdam and Manchester Metropolitan University, UK, an estimated 80
to 90 percent of busness-rdaed information, paticulaly busness support systems is
geogrephicd in nature [GeoEurope 2000]. However, as indudry is made aware of the



intrindc  value of location, through innovaive deveopments such as Mobile Location
Services', thisisrapidly going to change

Many GIS vendors and spdid data providers, on the other hand, have been quick to redise
the potentid of the Internet as the nextgeneration GIS platfform and geospdiad daa
digribution tool, and have moved with the times to ensure that they are adle to tgp into this
paticularly lucrative new market [Toon 1997][Gifford 1999].

There are two man areas where the development of GIS applications have benefited most
from the exploson of the Web and Web technologies. These are the development of
Web/image Mapping Servers and browser-based front-ends that provide access to maps and
geospatid data, as wel as the deveopment of sophidticated client-side GIS applications that
integrate geospatial services and data, distributed across the Web, in atrangparent manner.

Web browser-based GIS gpplications and Web/Image Mapping Servers have been criticised
for ther lack of functiondity because they do not provide tools for peforming andyss on
the geospatid data, i.e. they are generdly no more than data viewers or data explorers. The
focus of our research has therefore been on the development of an extensble dlient-side GIS
application. It is here that we have developed a nove gpproach towards dlowing the user to
cregte, and cugtomize, their own component-based dient-sde GIS gpplication, which has the
ability to make use of didributed sarvices and daa  Our work therefore fills an important
niche that has been neglected, or a best only partidly addressed, until now.

The reaively new concept of Location (Based) Services has brought with it the promise of
individud services that provide usa-friendly gpplications of GIS operations. The
introduction of location services has dso added much vaue to our research. Not only does it
add to the industry impetus to creste reussble GIS sarvices it dso provides another
goplication within the fidd of GIS for demondrating the flexibility of our goproach, i.e. in the
development of an extensble dient-sde framework for utilisng location services.

! The Location Servicesindustry is currently the most rapidly expanding sector of GIS. Its
growth rate has dready exceeded thet of the traditiond GIS market [Internationd Data
Corporation 2000].



This chepter provides an overview of different GIS architectures currently available, as well
as work done by the Open GIS Consortium, in order to illustrate the synergy between our
agoproach and the work that is being undertaken by mgor developers and standardization
bodies It dso discusses the following topics that form the theoreticd foundation of our
approach to RADGIS, which isintroduced &t the end of the chapter:

?? The origin of a dandardised, XML-encoded data trandfer format caled GML, based
on the OGCs Smple Feaures Specificaion.  Components developed for our
RADGIS gpplication mugt, in addition to any proprietary formats, support GML so
tha geospaiad daa trandfer between didributed components within the RADGIS
goplication can be gandardised on GML, smplifying interoperability.

?? Work done by the OGC with respect to the provison of interoperable geospatia
services (OpenGIS® Service Architecture), which forms the basis for implementing
our local and digtributed services

?? Location (Based) Services, which are being consdered as a specid gpplicaion of our
RADGIS architecture, as wdll as fudling the market for re-usable GIS components.

4.1. GIS Architectures

It is generdly accepted that GIS applications can be logicdly disaggregated into three man
functions [Morais 2000], namely:

?? data management — the dtorage and retrieval of spatid and apdid dtribute data,
generdly viaa database management system.

?? operations and analysis — the “busness logic’ tha implements the logicd processng
of the data, induding things like festure overlay, image manipulagion and andyss,
and map projection.

?? rendering and user interface — the software componerts that the user interacts with

that support the presentation of data

GIS gpplications have undergone many architectura changes over the past two decades that
have been in kegping with advances in tiered application devdopment in genad. GIS
sysems deveoped during the lae 1970s and ealy 1980s were based on the sngle
unconnected workgetion modd, and did not separate the tasks of data management,
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operations and analysis, and the rendering and user interface. Instead, these components
weretightly coupled and sold as part of a single entity (or Sngle-tier goplication).

However, with the emergence of the clientserver systems architecture in the early 1990s,
aded by the introduction of rdationd daabases and rdaively inexpensve desktop
computers, GIS gpplications dowly disaggregated the data management duties from the

operations and analysis, and rendering and user interface.

This facilitated the use of a database from a vendor other than the GIS application vendor, as
wdl as the ability to make use of remote data access, i.e. accessing data from a machine other
than the machine on which the GIS gpplication was running. Remote Data Access (RDA)
provides an effective and scdedble way to didribute processng and storage over a network,
separating the data repogditories from client gpplications [Grady, current]. Thus, a single copy
of the daasst could be accessed by multiple users smultaneoudy (according to the
transaction rules of the database), reducing the posshility of data inconsigency due to
kesping multiple copies of a daast up-to-date. Many of today’s GIS inddlaions dill make
use of this “twotier” architecture, for example soring their spatid data on a centrd sarver,
such as ArcSDE or Oracle Spatial database, and using a client such as ArcView or Arc/info
to manipulate this data

The most recent evolutionary stage in systems architecture is the threetiered architecture,
adso refered to as the ntiered gpproach. In ndiered architectures, there is an explicit
decoupling of the operations and analysis (busness logic) component of GIS agpplications

fromthe user interface and data management components.

One of the key bendfits derived from separding gpplication functiondity into multiple tiers
is the adility to replace the implementation of a paticular tier without affecting the
implementation of the other tiers, eg. changing the database used to gtore the data should not

affect the operations and analysis, and user interface tiers.

The focus of our research is on the development of reusable GIS operations and analysis
components, such that the busness logic of our GIS agpplicaions is made up of
interchangesble components, possibly developed by different vendors a different times.



One of the biggest cldlenges is how these components are to interact with other software
components, about which they have no compile-time knowledge. Thus during the design of
the components, the emphasis should be on non-specidised and non-proprietary  interaction,
to ensure extensible, yet robust components that result in the greatest possible level of reuse.

The successful implementation of an ntiered component-based gpplication can therefore
derive much benefit from the use of industry standards, and improvements in camponent
software technology [Morais 2000]. Fortunately, within the fidd of GIS, there have been a
number of standardisation efforts seeking to creste industry standards for:

?? geospdtid data representation and transfer formats, eg. the OGC's Smple Feetures
Specification and GML, ISO/TC 211's geospatid data model, the Federd Information
Processng Standard (FIPS 173) - Spatid Data Trandfer Standard (SDTYS), and various
others by the Federd Geographic Data Committee (FGDC) and the US Geologica
Survey (USGS) Group; and

?? the implementation of services based on open dandards, eg. the OGC's OpenGIS®
Service Architecture, Web Mapping Server, Web Feature Server, and Cataog
services, and the ISO/TC 211’ s geospatia services.

Emerging GIS software varies widdy in peformance, qudity, feature set, cost and, most
importantly, fundamental system architectures.  These architectura differences have a
ggnificant impact on how the software performs in an Internet-based computing environment
[Gifford 1999].  Therefore, before teking a look a the dandardisation that is being
undertaken by the OGC, we briefly describe the different GIS architectures and types of GIS
goplications currently available in order to categorise our RADGIS gpplication, and explain
why aur gpproach isnovel.

The applications have been divided into two categories dient-sde GIS applicaions and
server-gde GIS goplications. The classfication of a GIS gpplication as server-9de or dlient-
Sde, is based on where GIS services are executed as opposed to where the resultant mep is
visudized. Thus a dient-dde gpplication that smply provides an interface for viewing a
geospatid image generaed by a GIS saver is not conddered to be a dient-sde GIS
goplication, as the complex GIS calculations and data remain on the server.



4.1.1. Server-side GI S Applications

Sarver-gde GIS, and in paticular Internet Magpping, is a redivey smple and cos-effective
method of alowing anyone with access to the Web to access maps and GIS-based data and
services, based on essy-to-use browser-based formats or thin clients.  In addition, the server-
dde architecture centraises control over the geospatiad data and services, which dgnificantly
amplifies the deployment, security/access control permissons and maintenance of server-

sSde GIS applications.

Client Web Server
GIS
Web HTTP Application
Browser
e
Data

Figure4.1. Server-side Architecture

Table 4.1 bdow summarises some the advantages and disadvantages of the server-side
architecture.  For a more comprehensve discusson on save-dde and dient-sde GIS
architectures, the reeder isreferred to [Gifford 1999].



Advantagesto Server-SideGI S
Adherence to Standards
72 Can adhereto dl Internet/Web standards
72 Can be accessed with standard Web browser

22 Eliminates platform issues as much as possble

Performance
22 Significant GIS functiondity can reside on the server

72 Large GIS databases can be accessed on the server
22 Low bandwidth requirements

22 Performance per request is predictable
Cost of Ownership

72 Centrdised adminigtration of data and GIS gpplication
software

22 User support isminimal

Disadvantages to Server-Side GI S

Adherence to Standards
22 No viable vector formats
2 One-dick functiondity from Web dients *
7?2 Low gragphics qudity
22 Primitive GUI

Performance
7?2 Cregtes many requests

Information retransferred for each request

Table4.1. Advantages and disadvantages of Server-side GIS[Gifford 1999]

1t is often necessary to alow the user to select multiple features before executing an
operaion.



4.1.1.1.Web Map Servers (WMYS)

A number of Web/iImage Mapping Servers have been developed recently that address the
need for out-of-the-box, GIS and mgpping solutions for publishing GIS maps on the
WWW. These include products like ArclMS, Internet Mapper, Autodek MapGuide
Server and MapObject IMS.

Traditiond Web Map Servers obtain geospatid data from a spatid database, in response
to a Web browser request, and then return the resultant map as an image that can be
viewed by the Web browser, usng standard HTTP. This provides an easy to use
automated interface for obtaining maps, but is very limited in terms of traditiond GIS
capability, as dl the complex and proprigtary software, in addition to the spatiid and
tabular data, remain on the server.

The use of a Webbrowser provides a smple, standard mechanism for viewing the
resultant maps, but there are dso number of drawbacks to this gpproach, including the
relatively primitive GUI, low graphics qudity and one-dick functionaity of browsers.

The maps generated by WMSs are generdly ddtic images tha do not contan any
geospatid encoding. This is because most standard Web browsers only support GIF and
JPEG images. Thus, even though one may be able to perform smple pan, zoom and
navigationtype opedions it is not gengdly possble to paform any form of gspatid
andyss query any information about points or aess on the maps, or use the resultant
image as a daa source for further geospatial processng. In addition, if the image needs
to be modified, eg. during a parvyzoom operaion, turring a layer on or off, e, it requires
a request to be sent to the WMS to regenerate the image from the origind dataset using
the new set of parameters.  This may result in many requests and responses being
generated, which in turn could cause poor perfarmance [Gifford 1999).

However, a growing number of WMS ae now equipped to provide far more than datic
images. WMS tha implement the Open GIS Consortium’'s WMS Specification (see
[Open GIS Consortium 2000b] for more information) aso have the ability to produce for



example, georeferenced images (geoTIFF) or Featuress (GML), dlowing the resultant
map to processed further, for example usng chaning, or directly in a dient-sde GIS
goplication. However, once agan we mus reterate that these formats are not supported
by current Web browsars, and are therefore intended for use by more sophisticated

clients.

Web Mapping Servers fulfil a very useful role within GIS, paticularly for serving data on
the Web. Thus, the redrictions mentioned above are not criticisms of ther architecture,
but Smply illudrate ther intended use as datic image sarvers for viewing spatid data on
the web, and not as full-blown digributed GIS gpplication servers.  However, it is worth
noting their potentia use as data serversin digtributed GIS applications

4.1.2. Client-side GI S Applications

Clientsde GIS requires the inddlation of prepackeged or downloaded GlS-enabled
software on the dient meching, such as traditiond GIS gpplications or GIS Java applets,
ActiveX components, or plug-ins for a Web browser [Marshdl 2000].

Clientsde architectures that interact directly with the geospatid data, as opposed to detic
map images, endble a large set of grgphic and GIS operations to be peformed localy. Thus
unlike the WMS (see section 4.1.1.1), changes to the display, caused by operatiions such as
panning or zooming can occur without retrangmitting a request to the sarver, resulting in a
ggnificant performance improvement.  Thus, the mgor advantages of dientsSde solutions
ae the abilities to enhance user interfaces, eg. the ability to peform multipoint feature
sdection, and improve performance through the reduction in network traffic.

The mgor disadvantage associated with dient-sde GIS solutions such as Java gpplets
ActiveX components, or plug-ins, is thet they require software to be downloaded to the client
mechine (and ingtaled) before the user is able to browse the data This may be acceptable for

! The ability to return Features, eg. as GML, rather than static images, was originally
intended as amgjor extension to the Web Map Server specification. However, it has now
become a separate interface specification, caled the Web Feature Server specification
[Vretanos 2001]



someone who intends using a particular product regularly.  However, for someone who rarely
USeS mapping services, it is far easer to access a Web page tha immediately dlows him/her
to dat interacting with mgp daa than have to download different client software
implementations when wishing to browse data fran different vendors [Gifford 1999).

Table 4.2 bdow summarises some the advantages and disadvanteges of the Client-side
achitecture.  For a more comprehensve discussion on Client-sde and Server-sde GIS
architectures, the reader isreferred to [Gifford 1999).

Advantagesto Client-SideGIS
Adherence to Standards
22 Document/graphics standards not required
72 Vector data can be used
22 Image qudity not restricted to GIF and JPEG
7?2 Modern interfaces possible

22 Not regtricted to sngle-dick operations
Performance
7?2 Excdlent performance for operationsthat occur localy

?? LessInternet traffic required

Disadvantagesto Client-SideGI S

Adherence to Standards
272 Non-conformance limits user base

72 Requires usars to obtain additiond software

22 Patform/browser incompatibility
Performance

72 Initid download times can be substantia if databases
transferred

72 Usars must wait for software to download

72 Overdl peformance can be low with large databases

Table4.2. Advantages and disadvantages of Client-side GIS[Gifford 1999]
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4.1.2.1. Traditional GIS applications

Traditiond GIS gpplications such as ARCInfo, MapInfo, ArcView, and TNTmips are
generdly very large applications that are expendve to license, have a very seep learning
curve [Albrecht 1996], and are difficult to use. These gpplications are intended for use by
GIS expets who have a solid understanding of cartogrgphy. Although most provide the
aility to inddl additiond modules for specidit tasks or devdop customised
functiondity through scripting langueges, they do not dlow the application to be tailored
towards users of different levels-of -expertise or based on the user’ s gpplication domain.

While there is no denying that traditiond GIS gpplications fulfil an extremely vauable
role, many problems associated with these GIS agpplicaions have been identified,
induding application bloat, vendor lodein, and lack of interoperability and location
trangparency. (Please refer back to section 1.1 for a more detaled discusson of these
problems).

4.1.2.2.Java Applets

A number of Java gpplets implementing rudimentary GIS functiondity have emerged
recently. However, there are a number of problems with implementing GIS dients as
Java goplets that limit the potentid of this goproach. These include having to download
the gpplet each time the dient is used, and security redrictions on applets, which must be
sgned with digitd certificates in order to obtan specid permissions to readiwrite to the
hard drive and/or creste a network socket connection to a server other than the server
from which the Applet was downloaded. Furthermore, appletsigning mechanisms are
complicated and vary between Netscape and Internet Explorer [Griscom 1999].

Applets rdy on the Web browser for their Java Virtua Machine (VM). Even though
they are supposed to implement the same standard, there are often differences between
the WMs of different browsers, including incomplete implementations of certain features.
Nether Netscape nor Microsoft currently alow one to upgrade the browsar’s VM, and
thus one dther has to develop gpplets for old versons of the VM, or make use of the
Java plugin. However, because the plugin approach uses an externd VM, it is not



possble for the Java gplet to interact with the Web browser, which once again limits its
functiondity [Rohdy 2000].

Even if the above-mentioned problems could be avoided, execution of Java (gpplets)
within a Web browser is much dower than sanddone Java execution [Rohdy 2000].
This poor performance is a very red problem that may ultimately dissuade a user from
using an applet-based GIS.

However, possbly the bigget problem with deveoping dient-sde GIS software as
aoplets, is that they must be downloaded from the Web Server eech time they are to be
ued. If the goplet is too large, it will take too long to download and the user will
invariably seek an dterndive solution.  Therefore, the functiondity of the gpplet is
svedy limited by its g9ze, and goplets are genardly implemented with a specific task in
mind.

4.1.2.3.Plug-in approach

A plugin is a progran module tha extends the functiondity of Web browsars, enabling
them to support new types of multimedia content”. In comparison with Java applets, most
GIS plugins provide fester visudizetion and better levels of interactivity. In addition,
GIS plugins do not suffer from the security redtrictions imposed on Java applets, or the
need to download the applet each time a data set is to be viewed because the code for the
plug-inisingdled on the dient machine.

Plugins for most commercid GIS applications are becoming more and more prevaent,
eg. Autodek megpGuide plugin, ArcExplorer. Most of them ae fredy avaldble
because they ae farly limited in functiondity (in compaison to traditiond GIS
goplications).  They generdly dmply fulfil the role of data viewersbrowsers for

! Technicaly, the term “plug-in” refersto amodule that conforms to the Netscape Navigator
standard, whereas modules designed for Internet Explorer use the ActiveX software standard.
However, we will use the generic sense of the term plug-in to refer to modulesthat conform
to either gandard.



proprictary Spatial deta formats, with limited anaytic cgpability and/or image processing
cgpabilities.

Due to ther limited functiondity and design, as well as problems affecting the interaction
of different plugins within the Web browser environment’, plugins and traditiond GIS
goplications gt a the opposte ends of the customisability spectrum.  Plugins are
essentidly smdl, gpecidised, danddone modules tha cannot be extended, while
traditiond GIS applications suffer from serious gpplication bloat, but cannot be trimmed
of unnecessary features.

4.2. OpenGIS®

It is unlikdy that a single architecture for developing GIS applications will triumph.  Insteed,
because different users have different requirements and preferences, a number of modds,
from traditiond GIS gpplications to specidis GIS gpplications based on highly digtributed
components will co-exit. The fundamentd issue that will determine whether or not these
systems co-exist successtully isthat of interoperability.

The OGC's vison for the future of GIS is ‘the full integration of geospatial data and
geoprocessing resour cesinto mainstream computing and the widespread use of interoperable
geoprocessing software and geodata products throughout the information infrastructure’
[Open GIS Consortium 1999 In order to facilitate this vison, its working groups have
developed abdract gspecifications and  implementation  specifications for its two  centra
technology themes of sharing geospatid information and providing geospatia services (see
table 4.3 and table 4.4).

Lwhile the interaction of certain combinations of plug-insis possible using a particular Web
browser architecture and verson, differences in fundamenta architecturein different Web
browsers, aswel as within versons of a particular Web browser, have severdy limited the
ability for developersto utilise a andard mechaniam to dlow plugrins to interact effectively.



4.2.1. The Abstract Specifications

The Abdract Specification documents provide the theoreticd background for the

Implementation Specifications (see section 4.2.2), as wel as providing a technicdly complete
“language’ to discussissues of interoperability [ Open GIS Consortium, 1999a].

Each of the topics described in the OpenGIS® Abstract Specification documents is composed
of two modds
?? the Essentid Modd that describes a conceptua link between the software system
and the red world, and
?? the Abgtract Modd (the core of the Abstract Specification) that describes how the
eventua software system should work in an implementation neutra manner.

Figure 4.2 shows the dependencies between the topics described in the OpenGIS® Abstract
Specification, while table 4.3 provides a very brief description of each of them.

Topicl Topic 2 Spatial Topic3 Topic8 Topic1l
Feature Reference  [—1 Locational — Relations [ Metadata
Geometry Systems Geometry Bet'n Features
| | |
|
Topic 10 Topic 14 Topic9
Feature Semanticsand [— Quality
Collections Info Com’t’s
| |
Topic4 Stored Topic5
Functionsand — TheOpen
Interpolation Gl SFeature Topic 12
| | TheOpen GIS
| ServicesArch
Topic6
The Coverage
Type Topic13 Topic 15 Topic 16
Catalog Image Expl. —1 ImageCoord.
. Services Services Transf Services
Topic7
Earth
Imagery

Figure 4.2. Dependencies between Abstract Specification topics



Table 4.3 provides an overview of the OGC's Abstract Specification as of July 2001 (adapted
from [Ohrstrém 2001]). For further information plesse refer to the following OpenGIS® Web

page: http://Amww.opengis.org/techno/specs.htm

Specification Purpose
_ Provides an overview of the OpenGIS® Abstract
Overview
Specifications
Describes an abstract model for the geometric
Festure Geometry

representation of GIS-objects (i.e. features)

Spatia Reference Systems

Contains definitions of classes for reference

systems, data types, units and operations

Locationa Geometry

Functions for mapping Features from one
locationa system to another

Stored Functions and Interpolation

Cdculating functions, interpolation, and
extrapolation

The OpenGIS® Feature

Moddling red world and abstract entities

The Coverage Type

The formulation and calculus of the Coverage
Type and its subtypes

Earth Imagery

Image geometry models, and modds for
computing the rea world-model connection

Relationships Between Features

How to mode relationships between Features

Quality

Defines various position accuracy terms and

concepts

Feature Collections

Modds for handling Fegture collections

Metadata

Modés for handling Feature and Feature
collection metadata

The OpenGl S® Sarvice Architecture

A framework of servicesrequired for the
development and execution of geospatialy
oriented applications




OpenGlIS® services for datadiscovery and
Catalog Services
dataaccess
Semantics and Information Communities sharing data between communities
Functions for image exploitation, such as
Image Exploitation Services _
Feature extraction
Image Coordinete Tranformation Services for transforming image position
coordinates, to and from ground position
Services ,
coordinetes

Table4.3. Abstract Specification overview as of July 2001 [Ohr str 6m 2001]

4.2.2. The Implementation Specifications

The Implementation Specifications documents, are a set of gpecifications, based on the
Abdract Specifications (see section 4.2.1), tha contan guiddines for implementing
OpenGIS® goplications or components.  Table 4.4 provides avery brief description of each of
the Implementation Specifications.  For further information refer to the following OpenGIS®
Web page: http://www.opengis.org/techno/specs.htm

A “Testing Program” hes been developed by the OGC to test for conformance of products to
the OpenGIS® Implementation Specifications, and & a later stage, to test for interoperability
between products. The conformance test is used to determine if a product implementation of
a paticular Implementation Specification fulfils al the mandatory dements  However, it
does not ensure, or even test for, the interoperability of software products. Instead, the OGC
hopes that as the speifications mature, the likelihood of interoperability will become higher.

Specification Purpose

Specification for the handling of smple
Simple Features Specification geometric representations of GIS-objects, such as
polygons (excludes 3D), and reference systems

Catalog Services Interface Implementation Specifies how geospatia handling over networks
Specification should be implemented
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Specification for all types of raster based images.
Grid Coverage Implementation Specification Interfaces for analysis and calculation, such as
histogram, covarianceec
Coordinate Transformation Services Strategies for coordinate systems and
Implementation Specification transformation between them
Web Map Server Interfaces Implementation Defines services necessary for Web-based access
Specificaion to geo-data and processing
Geography Markup Language (GML) XML encoding of the Simple Features
Implementation Specification Specification

Table 4.4. Implementation specifications as of July 2001 [Ohrstrém 2001]

4.2.3. Simple Featur es Specification

A Fedure, as defined by the OGC, is the encapsulation of measurable or describable
phenomena about redl world or abdract entiies It is the fundamentd unit of geospatid
information and condgs of both spatid and atribute data Simple Features are a subset of
Feetures, that only support linear interpolation between coordinaes and do not conds of
other features, i.e. they are aomic [Miller and Schirnick 1999]. Smple Features represent
vector data, such as roads, landuse zones, and watersheds, as points, lines acs and
polygons. They do not, however, support the representation of raster data

The Smple Features specification does not provide detalls of how to map features to red
world objects.  Ingtead, it provides a specification for the implementation of mechanisms to
work with Features and Spatial Reference Systems [Ohrsrom 2001].  This dlows the
communication of dmple geometry, spatid reference system and atribute information
between gpplications or componerts that conform to the Smple Features Implementation

Spexification.

! Vector data consists of a series of points (coordinates), some of which are joined by lines
(i.e sgts of rdaed points), and some line segments (arcs) are joined to form polygons. Rester
data is composed of a grid of cels that represent geographic features, i.e. a georeferenced hit-
mapped image.




The Open GIS Consortium has dso produced Smple Festures specifications for OLE/COM,
CORBA and SQL for working with smple geospatid features in a distributed or component-
based computing environment, or an SQL database, respectively. Due to the fact that Java
has become the dominant <oftware language for developing distributed enterprise-leve
goplications, and snce an edimated 80% of corporate data has a spatid component, Sun
Microsystems redlised that there was a need to add geoprocessng capabilities.  Thus, there is
now adso an informa workgroup working on cresting a Smple Features specification for
Java[Daisey 2000].

4.3. Exposing data efficiently — The futur e of geospatial
data access?

As mentioned in section 4.1.1.1, most Web Map Servers smply generate and then serve GIF
or JPG map images to the user's Web browser. This approach is straightforward and works
well when the user smply wants to view a low-resolution map image, but does not dlow the
user to process the result further in a dient-sde GIS gpplication, or to make use of it as pat
of a service-chaining request.

In addition, most Web mapping applications ae insgparably tied to a spedific sarver
implementetion, i.e. the client is hardcoded to interact with a particular vendor's proprigtary
map server implementation. Thus a user mus run different client gpplications in order to
access the data and functiondity provided by different server implementations.  This lack of
interoperability or reuse of dient and server implementations, severdy limits the ability of a
user to transparently access data from multiple disparate data sources. [Wang et al. 2001]

This section introduces two technologies that have the potentid to overcome the above
mentioned problems, providing much needed capabiliies for the effident indexing of
searchable, georeferenced metadata as wel as the delivery of geospatid data in a vendor
independent/open formet.



4.3.1. The.geo proposal

Informaion about a particular location is of more interest to people dose to thet location than
people who are fa away [Lake 2000]. Therefore, it makes sense to have mogt of the
information regarding a paticular location, sored and mantaned in tha vianity. However,
one must dso remember that remote users may ill be interested in that data, and therefore
one mugt dso ensure that such data is readily accessble, and may be eesly integrated, on a
regiond and globa scde,

The .geo proposd, submitted to The Internet Corporation for Assigned Names and Numbers
(ICANN) by SRI Internationd, for an open infrastructure for registering and discovering
georeferenced information on the Internet, atempted to do just that.

The geo proposa was submitted to ICANN in response to an initiative of the ICANN Board
to sdect a limited number of diverse proposds thet could be used as a proof-of-concept on
which to base dedisions about introducing future Top-Level Domains® (TLDs). It motivated
the cregtion of a TLD, cdled .geo, which could be used to index searchable, georeferenced
metadata, usng a modified verson of DNS to encode lditude/longitude bounded cdls as

domain names in the form of minutes.degreestendegrees.geo

For example:

?? The geogrgphic doman name 10e40n.geo identifies the 10-degree x 10-degree cdll
whose southwest corner islocated at 10 degrees east, 40 degrees north.

?? The geographic domain name 2e4n.10e40n.geo identifies the Xdegree x 1-degree cdll
whose southwest corner islocated a 12 degrees east, 44 degrees north.

?? The geogrgphic domain name 11e21n.2e4n.10e40n.geo identifies the 1-minute x 1-
minute cdl whose southwest corner is located a 12 degress, 11 minutes east and 44
degrees, 21 minutes north.

! The .geo proposa was not accepted as one of the seven proposals selected for the proof -of -
concept phase by ICANN, and a reconsideration request was rejected by ICANN on 16
March 2001. The reasons provided by ICANN include the complexity of the prgposd, and
ICANN'’s cautious gpproach to introducing new top-level domains. This does nat, however,
prevent the .geo proposa from being accepted in the future [ICANN Committee 2001].



The beauty of the .geo proposd is in its amplicity, as it provides an easy to use mechaniam
for finding information for a paticular area.  For example, if one were interested in obtaining
information about Grahamgtown, one would smply need to determine its longitude and
lgtitude coordinates (possbly from a georeferencing sarvice).  From this information, one
could essly infer the domain name of the geospatid data (and service) server for thet area If
a Web Map/Feature Server was running on that machine, one could very eesly meke use of
the sandardised request format to obtain the desired information (possbly as GML-encoded
data). Additiona benefits of the .geo approach are that it limits the amount of metadata per
saver, and it dredticadly reduces server bandwidth because cients can directly query the
relevant cdll server(s) to find metadata for agiven area[Leclerc et al. 2001].

Regardless of whether or not the .geo proposd is accepted a a future date, it has made an
invduable contribution in this fidd, and highlights the need for an efficient mechanism to
index soatid information based on location. For a full description the .geo proposd, plesse
refer to [Reddy et al. 20008][SRI Internet Initiative 2000].

4.3.2. A standardised spatial data transfer format - GML

As pat of the OGC's devdopment of specifications for sharing geospatid information and
providing geospatiad services, it developed the Simple Festures Specification (Ssee section
4.2.3) based on the Feature and Geometry models of the OpenGIS® Abstract Specification. It
has subsequently developed an XML encoding of the Smple Features Specification, cdled
the Geographic Markup Language (GML 1.0). GML is an open sandard for marking up
geospatid information, induding both properties and the geometry of geogrgdhic features. It
dlows one to deliver geospatid information as digtinct features, as wel as specifying how the
features are to be displayed (using a particular stylesheet) [Gados Systems Inc. 2001].

GML is not a presentation formet, but must be styled for presentation e.g. to Scaable Vector
Graphics (SVG) or X3D (see section 5.1.1.3), using an gppropriate style sheet. It is therefore
possble for usars to view the resulting maps usng a standard browser (once the reevant
plug-in has been inddled, eg. SVG plug-in from Adobe), negeting the need for a proprigtary
client-9de GIS gpplication to visudise the geospetid data



Figure 4.3 illusrates how GML daa can be disdlayed in a sandard, XML-endbled Web
browser usng an XSLT gylesheet that maps the GML data into an appropriately represented
SVG image. The manner in which GML daa is displayed, is determined by the crestor of the
GML to SVG gyleshedt. It is therefore possble to have a number of different stylesheets for
the same type of fedure, eg. one stylesheet may represent roads as a thin black line, whereas
another dyleshest may represent roads usng a thicker, red line. It is dso possble for
stylesheets to map the same GML feature to different SVGbasad symbols, depending on the
purpose of the map. Figure 4.4 shows the intended use of GML in the RADGIS architecture.
GML is intended to enable the transport and storege of geographic information in XML and
is anticipated to provide gregter interoperability between GIS gpplications, to enable linked
geographic datasats, and make a dgnificant impact on the ability of organizations to share
geogrgphic informetion with one another.  Although a rdaivdy new technology, GML has
dready been halled as a success, and according to [Wang et al. 2001] “GML represents one
of the most visible steps taken by the geospatial community towar ds the vision of widespread
spatial interoperability”.

XML - enabled Web Browser

Figure4.3. Displaying GML datain an XM L-enabled Web Browser
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Figure4 4. Theintended use of GML in the RADGI S architecture

The use of GML rather than dtatic GIF/JPEG images (which contain no geographic encoding)
has many advantages including: better qudity maps, no need to only target Web browsers
dthough it can be rendered by most current XML-enabled Web browsers, without the need to
purchase dient-9de software, custom map styling (using appropriate Stylesheets); dbility to
cregte editable maps more sophidticated linking cgpabilities; better query capability; control
over content (filtering); animated features, and service chaining [Gados Systems Inc. 2001].
Many of these advantages are due to the fact that GML is based on XML technologies.



The current verson, GML 2.0, now based entirdly on XML Schema (XSD), was released on
20 February 2001 and significantly expands GML 1.0 to include the encoding of complex
features and festure associations. GML 3.0, which isto be findised towards the end of 2001,
will provide many useful extensions including topographic support, events, coverages aswell

as higtories and festure timestamps [Lake 20014]. These will dlow more complex anaytic
GIS processing of GML-encoded spatid and tempord data, which in turn will fadilitate the
development of more sophisticated GI'S tools and location services, based on the open GML
Standard.

4.4. Inter oper able Geospatial Services

Within the OGC's gpecification of geospetid services it has defined geospatid domain-
specific business objects to ensure that the OpenGIS® Services Architecture can be realised
with gandards-based, Commercia-Off-The-Shef (COTS) products available from multiple
vendors [Open GIS Consortium 2001a. The OGC aso envisages that as developers
implement products with OpenGIS® interfaces, interopereble geographic applications will be
composed of components from the OpenGIS® Services Moded and other supporting and
compatible information services [Buehler and McKee 1996].

Many of the components will be implemented to run locdly on the dient machine as core
services (eg. the OpenGIS®’'s GeoSpatid Display Services), as add-on modules, or stand
done utilities  However, there is a drong busnes case for devdoping digtributed
implementations of geospatid and image manipulation sarvices - spedificdly, but not limited
to, those identified in the OpenGIS®™'s Geospatid Coordinate Transformation Services,
Geospatid Andydss Services, Image Geometry Model Services, Image Synthess Services
and Image Underdanding Servicess For a full lig of Geospatid Doman Services as
classfied by the Open GIS Consortium, please refer to [Open GIS Consortium 1999b].  This
view has recently been confirmed when it was announced that the Open GIS Consortium's
Interoperability Program for 2001 was focusng on defining a Web Services architecture that
would support the deployment of spatid services usng WWW Pratocols [Doyle 2001].



4.4.1. Motivation for the development of distributed implementations of
inter oper able Geospatial Services

In addition to the bendfits deived from the ability to invoke locationtransparent
interoperable geospatia sarvices, there are two main aress in which the use of digtributed
objects has the potentid to optimise the execution of geospatid sarvices one is gpeeding up
the processng of a particular sarvice by usng pardld processng or executing the service on
a fagter (remote) platform; and the other is reducing bandwidth requirements when one is
meking ue of data from the internet, by performing as much of the processng as possble
“closeto” the data source.

4.4.1.1. Faster processing

Condder the following scenario, which would provide an extremdy usgful savice to
organizations that cannot afford to purchese expendve GIS software or powerful
processng plaforms. A farly common geospaid operation would be to perform
viewshed andyss on a paticular spatid dataset, i.e. determine dl possble locations that
are visble from a particular point. However, depending on the type of work done by the
use, it may not be a tool that is used often, and would amost certainly not be included in
mogt “lite’ GIS gpplications. It would adso probably not warant purchesing a large GIS
goplication if thiswere the only “ advanced” feature required.

There are two possble implementation solutions that are both catered for using our
goproach to the runtime integration of new services into our proof-of-concept system.
The fird is to dlow the user to download and integrae a locd verson of this tool, and the
second is to enable the user to download and integrate a front-end interface to a remote
implementation of this toal.

It is the latter option that we will consder now, as it is the more complex solution, and
hes the potentid to provide the additiond benefits, not avaldble to the verson that would
run on the dient machine Thus we will discuss the ability to perform the viewshed
andyss remotey, on a faser machine located across the Internet, without having to
purchase a locd copy of the viewshed tool, or an entirdy new GIS gpplication that

supported this operation.



Viewshed andyss or line-of-dght mapping, is a computationdly expensive operation
that draws a line from the point of interest (eg. Point A in figure 4.5) through each
location, or cdl, in a raser image to determine the dope between the two points (eg.
from Point A to Point B infigure 4.5). If any of the cdls between these two points has a
height vdue greater than the interpolated height vaue from the dope a that location, then
the point being examined Point B) is not vishle from the point for which the viewshed is
being performed Point A). In figure 4.5, Point B is not visble from Point A because
the height vaue of an inteemediary cel, & Point C is gregter than the interpolated height
vaue.

Point C

Point B

—
/
1

Point A

[

Increasing hei ght'

Figure4.5. Viewshed Analysis Example

Even the mogt efficient dgorithms are gill a O(? log n) [Kreveld 1996]. A recent
viewshed andyss of a line with 47 points on a 20.2mb uncompressed geotiff image on a
Pentium 1l 400Mhz PC with 64mb of RAM (our standard laboratory maching) took
roughly 12 hours to complete. The same viewshed operation took less than 8 hours to
complete on a Pentium 1l 450 Mhz with 256mb of RAM (consdered a server-type
machine for the purposes of this discussion).



It is not dways possble to provide server-like processng power on the standard desktop
machine, and therefore, for procesor intensve operdions, one should consder the
possbility of performing the same operation on a remote machine with more powerful
resources. However, the main congderation would be the time taken to upload the daa
from the client machine to the machine where it is to be processed, and the time taken to
download the result once the ca culation has been completed.

The data source used by the viewshed tool was a 20.2mb GEOTIFF image that could
have been compressed to 2.8mb, for transmisson over the Internet, using the ZIP
compresson dgorithm.  The resultant image would be roughly the same sze. If one
assumes a modest trandfer speed of Skb/sec, the time taken to download the 2.8mb input
and upload the 2.8mb reault is less than 20 minutes in totd, induding the time taken to
compress and decompress the GEOTIFF data Even without compressng the origind
dataset, if one calculates the time taken to trandfer the data to the server, and the resultant
image back to the dient, it would ill have been worthwhile sending the data to the
remote machine for processng (8 hours versus 12 hours). In addition, the client's

mechine is free for further processng during thistime.

Apat from the potentid peformance benefits illustrated above, this approach aso
provides accesshility to different vendor's implementations possbly using different
dgorithms, dynamic upgrading, finer licenang granulaity as wel as different pricing
models that may even include guarantees of Qudity of Service in terms of gpeed or
accurecy with which the dgorithm is executed. For an in-depth discusson on the
implications of developing (digtributed) component-based gpplications on  licensng and
pricing models, refer to section 5.5.

4.4.1.2. Reduced bandwidth requirement

While rgpid advances are being made in creating faster processors, it is ultimaedy the
legacy Internet networking gructure that will creste the bottleneck to high-bandwidth
multimedia gpplications [Preston et al. 19984].

A potentid solution for reducing the high demands made on Internet bandwidth may lie

in processing more information on the server dSde, to reduce the amount of extraneous

&



data that gets downloaded across the Internet to the dient. This optimisation technique
has tremendous potentid in Internet-based GIS applications because GIS data sets are
often extremdy large, and the user is only interested in asmal subset of thisinformation.

It is ds0 extremdy likely that in the near future Data Providers will implement, or & least
offer, digributed processng of GIS services that could be used in conjunction with their
datasts.  The benefits from this coupling include increesed customer loydty, and a
decrease in the overdl processing time, by negating the need to firg transfer the data fram
the Data Provider, across the Internet, to a separate GIS Service provider before the

geoprocessing can begin.

This gpproach dso has the following inherent security benefits associated with it:
?? The user canot gain unwanted access to the underlying deta, i.e. only the GIS
tools executed on Server machines have access to the data sets.
?? The usr cahnot download, pirae and/or reverse engineer a paticular GIS tool
because dl code for executing the tool remains on the server & dl times.

It is totdly reasonable for a data provider to offer the ability to perform GIS operations on
a dataset without ever dlowing direct access to the data itsdf. For example, one may use
an Internetbased GIS to sdect a suburb of a city, add a coverage dealing the road
dructure together with names, and download the resultant street map in the form of a
GIFJPEG image. The image was created using the data and services provided by a map
service provider, but a no stage did the dient have access to the undelying GIS data
This dlows a daa provider to provide inexpensve maps to dients without divulging the
underlying dataset.

The sde of GIS daa is often accompanied by copyright redrictions that prevent the
purchaser from redidributing the dataset in its origind form. Therefore, ingead of not
dlowing any type of access to a dataset, highly controlled access could be provided
through specific GIS sarvices that do not provide access to the underlying dataset. This
goproach would alow sarvice providers to offer vaue-added GIS services that make use
of the purchased data set, without contravening the licenang agreement.



A data provider might sdl a dataset to other data vendorg/GIS consultants for large sums
of money, or retain exclusve access to the datasst to maintan competitive advantage.
Condder the following scenario. Company A, has a detaled Digitd Elevation Modd
(DEM) of the Eagtern Cape that they have invested a lot of time and money in developing
w0 that they can offer consultancy services for the Coega project. They do not wish to
make the datasat available for fear of it being pirated, and someone else undercutting their
bid for consultancy contracts. However, they aso redize that there is money to be made
from dlowing other GIS eets, (hopefully) in different fidds to meke use of ther
dataset. Therefore they develop and deploy a suite of CORBA sarvices thet alow clients
to make use of the underlying datasat without providing direct access to the data

Now consder the case where another GIS consultant, needs to perform a viewshed
andyss to minimise the visud impact of erecting dectricity pylons, but does not have
hisher own DEM of the particular region in the Eastern Cagpe.  He/she could either obtain
the necessary terrain maps, digitise the area of interest and then use the data in hisher
own GIS goplication (that supported the viewshed andyds operation), or dmply use the
viewshed sarvice exposed by company A. The exposed sarvice need only dlow hinvher
to gspecify the bounding co-ordinates of the area of interedt, and the envisaged postions
for each of the pylons It would then return the result of the viewshed operdtion as a
GIF/JPEG illugrating the visud impact. Thus company A is able to share their data and
generate income without relinquishing exclusive access to their DEM.

An dternative to the implementation of suites of services by data providers, is for data
providers to facilitate the use of mobile agents by cusomers. The mobile agents would
be dlowed to move the code of a GIS sarvice to the data provide’s machine for
execution.  This reduces the respongbilities of the data provider, eg. not having to license

GIS service software, or ensure that the software provided produces accurate results.

! The Coega project is a mgor indugrid development that involves the buildng of a new
deepwater port on the Coega River, near Port Elizabeth, South Africa.  For more information
refer to the Coega Devel opment Corporation, http://www.coega.co.za




Thus a range of posshilities ae avaldble to data providers, depending on their sze and
their willingness to diversfy ther core business to include the provison of GIS savices.

It is highly likdy that large data providers might decide to invest in software that will
fecilitate client access to GIS sarvices in addition to the data that they provide. However,
gndler data providers might decide to dlow (registered) dients to send mobile agents,
which implement specific GIS sarvices, to ther intranet to perform a particular operation
on their datasts locdly.

Appendix A contains further information regarding the use of Mobile Agents in GIS thet
formed part of our research, but is not directly rlevant to the focus of thisthess.

4.5. GISand L ocation Services

The recent media focus on mobile devices and in particular mobile phones has sparked
tremendous interest within industry over the busness potentid for (Mobile) Location
Services. The god of Location Services' [Koeppd, currenf, a combinaion of Web, wirdless
communication and GIS technologies, is to dlow one to exploit location informetion
anywhere, anytime, and on any device In its broadest sense, a locaion service may be
thought of as any application or sarvice that extends getid information processng, or GIS
cgpabilities, to end users viathe Internet and/or wireless network.

In contrast to GIS applications, location services are paticular gpplications of spatid and
andytic functions found in GIS gpplicaions, tha filter ther content or change ther
behaviour, based on the user’s (specified) location. Thus, location services build on the
exiging underlying GI'S functiondity found bundled in current GIS gpplications.

! For more information regarding Location-Based Services please refer to the Location
Interoperability Forum at hitp://Amww.locationforum.org, and the Open Location Services
Initistive at http://mwww.openls.org




Location services hide the complexity of GIS tools from the user, by providing an essyto-use
interface for a specific service.  This interface makes use of one or more GIS tools behind the
us’s back in order to provide the locationtbased service, and thus no longer requires that the
user be knowledgesble in geography or catogrephy. In fact, if the user inteface of a
Locaion Service is smple enough, very little computer literacy is required for a user to be
able to make use of complex GIS operations.

While the development of location sarvices is a big gep forward in its own right, it dso plays
a very important role in highlighting the intrindc vaue of location in data, as well as the need
to develop re-usable GI'S components based on open systems.

Our ressarch focuses primarily on developing a framework that alows the user to cregte thar
own cusomised, scded-down GIS goplication, which contans only the tools required for
ther paticular need. However, it could just as eadly fadlitate the devdopment of smdl,
specidised Gl S-type gppications that provide location services.

Thus, our RADGIS architecture could dso used to create a framework in which one could
combine location services to creste more sophisticated tools, as well as dlowing further
processng of the results obtained from location services. For example, one could access a
Red Edate Location Service that provided a map showing a number of houses tha were for
sde, and then overlay a map provided by a traffic routing location service to determine the
level of congedion on the roads between esch of the houses for sde and on€s work

premises.

There are many issues that need to be addressed in order for locationbased services to be
successfully implemented and widdy utilised, especidly via the Mobile Internet.  These
indude generic hardware issues such as the ability to display 2D and 3D images, limited
bandwidth, and the reatively low processng power and smdl memory cgpecities of most
mobile phones. However, there are dso three main back-end issues that hold the key to the
successtul implementation of location-based services, namely:

1. exposing locationbased data and GI S operations,

2. providing a smple mechanism for content developers to creste and ddiver new
location services, aswell asto integrate location into exigting gpplications, and



3. cregting searching mechanisms based on semantics, rather than smply syntax or text-
based searches.

Idedly, location sarvice deveopers should be aile to devdop new location services without
the unnecessary duplication of exiging GIS functiondity. Thus the development of location
sarvices requires that the GIS tools and data sets be “exposed” efficiently to ensure that the
cregtion of location sarvices is amplified.  Some potentid solutions to the issue of exposing
location-based data and sarvices are covered implicitly in section 4.3.1 (.geo proposd) and
section 4.6 (Cadog and Regigry sarvices). The second issue is touched on briefly through
discussons of how DGCML can be used to develop and deploy location services easly (see
section 5.2.5), and how our RADGIS architecture may be gpplied to the crestion of a client-
dde framework for integrating locetion sarvices However, the notion of searching location
based data usng semantics (or location synonyms) is not dedt with dsewhere in this thess

and therefore warrants discussion now.

4.5.1. Sear ching location-based data

When accessing location services, mobile device usars may have ther location encoded
automaticaly by the device or the service provider, usng a standardised format. However, a
location sarvice user may wish to specify a location explicitly. This could be done in a
number of different ways, such as by specifying a longitude/latitude pair, towr/city name,
suburb name, podd code or tdephone area code, and with varying degrees of precison, i.e
city versus suburb.  For searches based on location, it may be advantageous to dlow a user to
match al these references to, or synonyms for, the same geographica location.

In addition, much of the data currently avalable on the Web contains a rddivey high leve
of intrindc locationbased information. It therefore makes sense to make this exising
information available via “inteligent” searches, rather than requiring that dl the information
be reformatted to include an explicit spatid reference before it is made avalable for use by
location services



The credtion of “inteligent” searches, based on semantics rather than smply on keywords,
removes the requirements that:

?? usarsformat ther location-based queries using a andardised geocoding, and

?? exiding data, which contains implicit location information, be reformatted to include

an explicit spatid reference.

An “inteligent” search, based on location semantics could be implemented by smply
searching a database of eguivadent location encodings for a given location. The “inteligent”
search would therefore be split up into multiple smdler searches based on location synonyms,
enabling the ue of exiding locationbased informaion tha might not othewise have been
included in the result set. For example, given a search containing a podd code and a name,
the search would dso return information about that name based on the location inferred by
the postd code, rather than smply returning a ligt of dl documents that contain the name and
the posta code explicitly astext.

More sophigicated searches tha provide GIStype “near” or “within” functiondity could aso
be used in conjunction with exising intringc location-based data, but these searches would
reguire additiond pre-processing and could potentidly create alarge number of sub-queries.

4.6. Exposing GI S Services efficiently

The inability to discover and access geospatid data and geoprocessing tools in a smple
manner, dragticaly reduces the effectiveness of GIS applications.  The next generdtion GIS
modd will provide a didributed environment in which data and services are added, updated
or removed dynamicaly. It is therefore necessary to provide a mechanism to reduce the
complexity of keeping track of these events and to dlow users to access data and services

trangparently.

CORBA, DCOM, RMI and EJB provide namingregistry services that dlow client
goplications to locate didributed objects by name.  However, other than the use of the
CORBA Trader Service, which is a directory service, these technologies do not provide a
mechaniam to regider objects with attributes or meta-information. Such information is useful



for diginguishing objects with the same name, or for performing queries basad on distributed
objects properties.

Cadog and Regigry sarvices dlow the regidration of geospatid data and services by daa
and sarvice provides. The use of a Cadog or Registry service to discover data or senvices,
makes it is possble to change the location of where the data is stored or where a service is
executing by smply editing the gopropriate entry in the Cadog or Regidry. It is not
necessary to update dl the dients that make use of the data-source or service. This change in
the location of where the data is stored or where the geoprocessing is taking place is therefore
trangparent to the end-user.

Much work has been done to dlow users to index and search spatid data, such as Catolog
svices. However, very litle work has been done to provide a unified mechanism for
regigering GIS services which have been deveoped usng different didributed object
technologies, with their associatled meta-information.  Such a mechanism is urgently needed
as it is imperative that didributed GIS sarvices are advertised effectivdly and efficiently.  We
believe that there are two maingream technologies that have the potentid to fulfil this role,
namely LDAP and UDDI.

4.6.1. LDAP

The Lightweight Directory Access Protocol (LDAP) is an extensble client-server protocol
and information modd that dlows one to access and manage information in a tree-sructured
database [Roman 2000]. Each entry in an LDAP server has a distinguished name that alows
essy identification, and dores associaed information as dtributess  Each attribute has an

associated type and one or more vaues.

One of the tremendous benefits of usng LDAP is that one can creste on€'s own object types
and dtributes. This dlows you to use LDAP directories for a wide variety of tasks, including
the ability to register didtributed components and services which will be extremdy useful for
advertisng our GIS services developed usng DGCML. For more information on LDAP,
please refer to [Wahl et al. 1997)



4.6.2. UDDI

The Universd Description, Discovery, and Integration (UDDI) standard is a repository-based
directory sarvice for shaing busness informaion, which indudes the ability to find and
access the agpplications or Web Sarvices they expose. The senices registered with a UDDI
sver can be deployed in a private (internd) or public (externd) manner depending on
whether one wishes to share the services within an organisation only, or throughout the Web
[I1BM 2001]. For more information on UDDI, please refer to [UDDI.org 2000].

However, according to Cimetiere [2001] the ambitions of UDDI might be too broad for it to
succeed, and because a Web Sarvice is smply another resource, it could just as eadly be
regigered with exiding technologies such as an LDAP server. Therefore, while we view
UDDI as a promisng technology for expodng Web Services, the samplicity, efficiency and
proven track record of LDAP currently make it a more suitable candidate for advertisng GIS
servicesin our RADGIS architecture.

4.7. RADGIS - Our Approach

In order to overcome many of the problems associated with current GIS architectures,
outlined in section 1.1 and section 4.1, we have developed a framework that dlows
interoperable GIS sarvices to be incorporated into a highly-configurable dient GIS
goplication a runtime.  The proof-of-concept digtributed GIS gpplication we have developed
to demondrate the feashility of such an approach has been named RADGIS, due to its ahility
to facilitate the Runtime Application Development of Geographic Information Systems'.

One of the objectives of the project was to avoid vendor specific solutions, and to promote
interoperability through use of open standards wherever possble.  The RADGIS architecture
therefore integrates interoperable services and geodata models based on OpenGIS® standards
developed by the Open GIS Consortium, that have been presented earlier in this chapter. In
particular, we decided to adopt the use of GML as the geospatid data transfer format, and the
OGC's Services Architecture to develop runtime-extensble dient-sde GIS and Location
Searvice applications thet are based on vendor -independent, interoperable GIS components.

! Chapter 5 details how the RADGIS application has been implemented.



In the past there have been many efforts to facilitate the accessng of didtributed geospetid
data from different vendors. However, our RADGIS dlient architecture is an atempt to adlow
usrs to not only meke use of geospetid data from different data providers, but dso
digributed GIS services. Because RADGIS is a runtime-extensble architecture that can
invoke methods on didributed GIS todls it is a hybrid of the dient-sde and server-side GIS
architectures discussed in section 4.1.1 and section 4.1.2, which provides a high levd of
location-transparency for accessng both data and servicess Using this agpproach, the
RADGIS architecture is adle to draw on the advantages provided by both client-sde and
server-side GIS architectures, as well as overcome many of their respective disadvantages-
The resultant advantages and disadvantages of the RADGIS architecture are listed in table
4.5, and more comprehensive summary of benefitsis presented in section 6.6.

Advantagesto RADGI S Architecture
2? Sgnificantly reduces application bloat by providing asmall,
extensble client framework.

22 Adherence to OpenGIS® standards to ensure interoperability with
future OpenGI S®-compliant components

?? Platform independence using Java, CORBA and EJBs (CORBA
a0 provides language independence).

2? High leve of location transparency when accessing distributed
data and services.

2? Sgnificant GIS functiondity can resde on distributed servers.
2? Daasats can be obtained from multiple distributed data servers.

77 Georeferenced raster and vector data can be used, i.e. not
restricted to using static images, eg GIF and JPEG.

2? Highly cusomisable GUIsfor individua services.

2? Not restricted to single-click operations

! See tables 4.1 and 4.2 for the advantages and disadvantages of server-side and dient-side

architectures.
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??
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??

??

??

Centraised adminigtration of dataand GIS servicesis possble,
reducing tota cost of ownership.

Excdlent performance for operations that accur locally.

2? Ability to perform processing remotely can diminate need to

download large data sets across the Internet.

Disadvantages to RADGI S ar chitecture

Cannot be accessed with standard Web browser
Requires users to obtain additional software

Users must wait for software to download. However, since most
of the services may be accessed remotely, often only the smdll
DGCML descriptors for a service need to be downloaded.

Overdl performance can be low with large data sets, but the
RADGI S architecture promotes a distributed modd that would
dlow the RADGIS dlient distribute the workload for certain
operations.

Table4.5. RADGIS Architecture advantages and disadvantages

A dmilar vigon is shared by the Defence Science and Technology Organisation (DSTO). As
pat of the deveopment of their Geospatid Service Segment Architecture (see figure 4.6),

they are dso exploring ways of using software components to build large systems, insead of
desgning monolithic gpplications that are obsolete before they are deployed. They have
decided to make use of CORBA and have adopted the OpenGIS® Simple Features for
CORBA implementation specification as ther interface for accessng Geospatid Information

[Davis 2000].



DSTO: The GSSVison

End User

Figure4.6. The Geospatial Services Segment Vision [Ekinsand Davis 1999]

While traditiond GIS gpplications ae wdl-suited to GIS expets, there is a growing
redisdion that there are a number of users, in a variety of fields, who require spatid analyss
tools dmilar to those found in GIS gpplications. These usars generdly require only a smal
subst of the functiondity provided by traditiond GIS gpplications, and do not necessarily
wish to become experts in GIS in order to make use of GIS applications. Our RADGIS
architecture therefore dlows the development of smadl, clientsde GIS applications that can
be cugdomised to suite different usr domans, eg. hydrology, geology, forestry, and
according to different user’'s level of expertise. However, as the usar’s requirements change,
or ther level of expertise increasss, it is possble for the user to add new functiondity to the

RADGIS client aswell asto customise the services according to hisher needs or preferences.

We have developed a novel gpproach to the integration of interoperable GIS components a
runtime, usng dient-configurable XML descriptors for deploying GIS services, based on our
Didributed GIS Component Markup Language (DGCML). The GIS components may be
implemented as Java objects that are packeged in JARS which are downloaded and run as
dient-gde sarvices, or as didributed objects that resde on server machines, eg. Common
Object Request Broker Architecture (CORBA) Objects or EJB’s. DGCML is used to wire
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together loca and remote GIS components to creste services that can be added and removed
by the GIS gpplication & runtime. In addition, these services can be edited usng a smple
text editor, at runtime, if customisation is desired.

Therefore, the RADGIS architecture addresses the following problems found in most
traditiond GIS gpplications

?? Application bloat — It is possble for the RADGIS dient to initidly implement only
the veary basc GIS savices needed for data visudisaion. However, its extensble
nature alows users to add and remove tools, as and when required. Thus the user
does not have to purchase a very large (and generdly expensive) GIS package, which
containsagreat ded of functiondity that will never be used.

?? Usdility — The &bility to add tools is as smple as sdecting the required tools from a
menu or webpage. The novice user can meke use of a service without any
knowledge of how the service has been crested from digtributed components, while
the expert user has the ahility to customise the sarvice by smply editing the DGCML
descriptor file,

?? Interoperability — RADGIS provides the ability to add services composed of
interoperable distributed components devel opedindependently by different vendors.

?? Location Trangparency — RADGIS dlows the processng of data to be peformed
wherever it makes most sense, without the user necessxrily being aware of the
physicd location of thetool that is performing the processing.

The ability to specify GIS services usng DGCML dlows method-cdls invoked by a
paticular sarvice to be made on objects executing locdly or on objects implemented as
CORBA objects or EJBs resding on remote machines. If aternate codebases are provided
for a particular service, it is possble for the RADGIS system to eect which codebase to use,
based on the locaion of the data to be processed. This is advantageous because, even if
certain GIS functiondity has been ingdled locdly as pat of the RADGIS gpplication, should
it meke sense to peaform that operation on data that resdes a a remote location, it is possble
for the user to invoke a remote implementation of that service trangparently. An example of
where this may be mandatory, rather then smply for convenience or a matter of optimisation,
is when one wishes to obtain data from a data provider who does not want to provide direct

access to the data, but only alows access to the data through certain GIS operaions that
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return datic images or data a a paticular resolution. Therefore RADGIS affords the user a
high leve of location transparency when performing geoprocessing operations.

Figure 4.7 bdow dealls the use of our proof -af-concept GIS agpplication (RADGIS) based on
higly interoperable  (didtributed) components deveoped usng our Didributed GIS
Component Markup Language (DGCML), the OpenGIS® Services Architecture, and the
Geographic Markup Language (GML).
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Figure4.7. RADGIS: A highly distributed component-based GIS

It is generdly accepted (see section 1.2 and section 1.3.3) that future GIS goplications will
become didributed, disaggregaied, decoupled and interoperable. The implementation of
digributed interoperable components will ensure hedthy competition between vendors and
will dlow end usars to easly replace the implementation of a particular service with another
superior or cod-effective servicee The use of interoperable components dso facilitates the
deveopment of highly scdable systems, and the packaging of particular services, resulting in
lower costs and products tailored for specific end-users requirements. Clearly the RADGIS
architecture embraces these ideds, and goes further by providing a runtime-extensble
framework that alows users to add services based on open standards to the client gpplication,
which were not known about & compile-time.



4.7.1. Use-case scenarios

With the ad of figure 4.7, we will now sketch a few typica usecase scenarios to illudrate
the flexibility and ussfulness of the RADGIS architecture, over traditiond GIS applications.

For the fird scenario, let us assume that during the course of peforming a paticular GIS
operation, a user discovers that they do not have a particular GIS tool necessary to complete
the operation. If the user was usng a traditiond GIS gpplication that did not support thet
paticular operation, hisher options might incdlude outsourcing that operation, obtaning a
different GIS packege, or downloading and inddling an additiond module which
implements that GIS tool, for ther exising GIS. However, usng the RADGIS architecture,
the user would be able to search a GIS tool repostory, and depending on whether the tool
was required to execute locdly or remotdly:

?? add that tool to the locd dient-sde GIS (eg. GIS Tool Z). This is gmilar to
downloading an additiond module except that the vendor of the tool need not be
the same as the devdoper of the dient-side GIS framework, and that RADGIS
dlows for grester leves of customisaion and integration than might otherwise be
possible when ingdling additiond modules

?? add a reference to a remote tool (eg. GIS Toaol A or C) which would be invoked
transparently  through the user inteface which would be generated from the
DGCML descriptor for that tool.

For the second scenario, consder once again the viewshed andyss example, given in section
4.4.1.1, which illustrated the dbility to make use of digributed processng on a server
mechine to increese the speed of performing a particular operation. If, for example, one
extended the scenario to assume that the user wished to perform the viewshed andyss of 47
points (representing pylon postions) for three different pogtions, it would generdly be
necessty to peform three sequentid viewshed andyss operations.  Using a standard
laboratory mechine, as dexribed in the example in section 4.4.1.1, this would take
agoproximately 36 hours of processng (3 x 12 hours per viewshed andyss) to complete.
However, because eech viewshed andyss is independent of eech other, the ability to make
ue of 3 diffaent didributed viewshed andyss savices dImultaneoudy, ie padld
processng, would dlow the user to compare the three resultant images in goproximately 8



hours (assuming eech andyss is peformed on a server that provides the same performance
as obtained in the examplein section 4.4.1.1).

For the find scenario, condder the ability of the RADGIS architecture to dlow a user to
maeke use of a digributed GIS tool implemented by a Data Provider that does not wish to
dlow direct access to the underlying data set. For example, a user wishes to make use of data
(eg. sored in Data Source A), but the only access to it is using GIS tools (eg GIS Tool A)
implemented by the Data Provider. The ability to download a DGCML descriptor that makes
use of that GIS tool adlows the close integration of thet tool with the RADGIS dlient, and
provides the &hility to invoke the necessry functiondity via a GUI generated by the
RADGIS dlient, according to the DCGML descriptor for using that tool.

4.8. Summary

This chepter has presented work being done by magor Sandardisation bodies and large
corpordions in order to ensure interoperability of GIS components and gpplications, as well
as a brief overview of GIS architectures, and products currently available, together with ther
associated advantages and disadvantages.

The relatively new research topic of Locaion Services was introduced, as it will have a major
influence on the architecture of future GIS agpplications due to its heavy reiance on re-usable
GIS components.  We dso highlighted some of the backend issues that will have a sgnificant
influence on the future success of location sarvices.  In particular, we stressed the need to
meke geodata and geoprocessng components eesly accessble through initigtives such as the
.geo proposd, and the use of Catadog and Registry services.

A number of problems with current GIS architectures were highlighted thet illusirated the
need to develop a flexible GIS architecture that can be adapted to the requirements of users
who work in different gpplication domains, with varying levels of competency. These factors
were the moativation for the devedlopment of our RADAS application, which facilitates the
use of digributed data and GIS sarvices in a locaion trangparent manner.  The RADGIS
architecture was described, together with its associated benefits and how it overcomes many
of the problems associated with traditiond GIS architectures.



In the next chepter we discuss how the RADGIS architecture was implemented in more
detall. In paticular we focus on the development of our Virtud Grahamstown data set using
VRML and the visudisation of this 3D geogpatid data, which formed the basis of our initid
research into Virtud GIS, as wel as the development of GIS services usng DGCML, which
can be integrated into the RADGIS dlient a runtime.
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Chapter 5
| mplementation of the RADGI S Application

“The best way to predict the futureisto invent it.”
Alan Kay

A GIS mugt support both computationad and digplay facilities as it dlows the user to compute

and digplay information about geographic festures. Therefore, in the development of our
RADGIS application, our research has focussed on both the visudisstion of 3D geospatid

data as wel as the runtime integration of GIS sarvices, for the andyss of that data, which
may be executed localy or on aremote GIS server.

This chapter will therefore present a detalled description of how we implemented our
RADGI S proof -of -concept gpplication, and will provide indght into:
?? the development of our “Virtua Grahamstown” 3D data set usng VRML,;
?7? the desgn congderdtions that resulted in our choice of Java3D for rendering the 3D
data;
?? the implementation-specific detalls of our DGCML meta-language;
?? how one could use DGCML to creste alocation service, and
?? how we have made use of Java's Reflection APl to dlow the runtime addition and
execution of GIS sarvicesthat are developed and deployed usng DGCML.
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The factors that influenced the design of RADGIS as a dlient-Sde gpplication, rather than a
Jwva goplet, have much to do with problems associated with the visudisation of 3D
geospatia data The use of VRML as a mechanism for facilitating the creation of Web»based
Virtud GIS was the focus of much of our early research. Therefore this chapter presents two
maor aees of research that we have undertaken. The fird section presents the issues
asociated with the visudisation of 3D geospatid data, while the second section focuses more
on the implementation detalls of the runtime extensble framework provided by RADGIS for
the integration of GIS services that have been developed and deployed using DGCML.

5.1. 3D Visualisation of Geospatial infor mation

Mosgt current Geographic Information Systems are datic 2D, mapbased systems with non
interactive response raes when digplaying high-resolution maps.  More recently, however,
there has been a trend towards implementing interactive 3D GIS applications with the ad of
improvements in 3D graphics software and hardware, efficient new terrain visudisaion
dgorithms and, possbly most importantly, the tremendous interest in usng VRML to display
geospatid information on the Web.

This move towards greater use of 3D spatid data, and the incluson of tempord data in the
quest for the development of a spatiotempord Geographic Information Systems, is a logica
gep in the evolution of Geogrgphic Information Systems, providing a grephicd indght into,
and graphica andysstools for analysing, large volumes of spatiotempord data

5.1.1. Rendering of 3D spatial information

Within the GIS doman there are two man binary formas for representing 3D geospatid
information, namdy Digitd Elevaiion Modds (DEM) and Triangular Irregular Networks
(TIN). Since the mid 1990s, three-dimensond or Virtud GIS on the Web [Rhyne 1997] has
been regarded as a promising dternative to traditiond GIS gpplications. One of the obvious
requirements for implementing such systems is the need for a smple mechaniam for viewing
3D geospatid datawithout requiring aGI S client gpplication.
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The use of VRML for didributing and visudisng geospatid data has receved a lot of
atention due to its dmplicity, cod-effectiveness and wide accesshility [Kim et al. 1998
snce it is an open dandard (ISO/IEC 14772). This can be seen by the large number of
research papers that have been published on this topic, such as [Farbarn and Pardey 1997)
[Dykes et al. 1999] [Rhyne 1997]. In addition, due to the popularity of VRML for modeling
geospatiad data, there are now a number of GIS products and converson utilities available
that are able to convert information stored as DEMs or TINsto VRML.

5.1.1.1.VRML and Cartography

The Virtuad Redity Moddling Language (VRMLY) is a vocabulary for the animation and
moddling of 3D geometric shgpes. It has become a widdy accepted standard for
interactive 3D information interchange on the WWW. VRML dlows one to incorporate
many different types of data, induding text, diagrams grgphs, audio and video, together
with 3D modds, seamlesdy within the 3D world. This together with the ability to
communicate 3D worlds across the Web, provides sgnificant flexibility for the sharing of
three-dimensond data sets, and enables VRML to provide an open standards dternative
for displaying geospatid informaion. (For more information about VRML, refer to
[VRML97] [Nadeau 1997] [Marrin and Cambell 1997])

A number of projects have been undertaken that successfully make use of VRML to
visudise geographic data, such as [Farbarn and Pardey 1997] [Martin and Higgs 1997]
[Rhyne and Fowler 1998]. One such example is that of Buziek and Hatger [1998], who
devdoped an interactive spatiotempora 3D animation, usng depth and tide information
for the Elbe eduary over a 12 hour period, in order to invedigate the cartographic
potentidl of VRML for georeferenced cartographic applications.  According to Buziek
and Hatger [1998], VRML is suitable for moddling geo-referenced 3D worlds, but dso
has some limitations. The most serious of these limitations is that VRML currently only
supports 32 bit float vaues, which limits the precison to 7 digits. This accuracy is not
adequate for geodetic coordinates, and thus world coordinates have to be shortened.

L All referencesto VRML in this dissertation refer to the ISO/IEC 14772 or VRML97
specification.

103



Ancther mgor limitation of usng VRML for cartographic representation on the Web is
the large amount of data to be trandferred. However, VRML provides a number of
optimisation techniques that can be employed to hdp overcome or a least reduce the
effective bandwidth required for visudisng daa s#s over the Web, induding
compression, inlining, level of detail (LOD) management, and ShapeHints’. In addition,
a number of nodes’ have been developed by the GeoVRML task group, which looks
specificdly a the representation of geographicd data in VRML, to facilitate the efficient
visudisation of large terrain moddsin 3D.

5.1.1.2.GeoVRML

Like VRML, GeoVRML is an officid working group of the Web3D Consortium.
However, its focus is on extending VRML as wdl as devdoping methods and tools for
the representation of geographica data from disparate servers across the web, possibly
generaed from different sources, a different resolutions, and gspecified in  different
coordinate systems [Reddy et al. 2000c].

According to Reddy et al. [2000b], GeoVRML addresses most of the concerns raised by
Dykes et al. [1999] regarding support for cartographic applications in VRML. It does this
by overcoming the shortcomings of VRML, and providing additiond functiondity with
respect to representing geospatia information, such as [Reddy et al. 19994] [Reddy et al.
20000]:
?? Support for datain various geospdtid coordinate sysems,
?7? Scdability — fadliteting the integration and use of data from large geospatid
databases thet are distributed over the web.
?? Providing the capability of representing large quantities of terran and other
related data;
?7? Preservation of the origind geographic data;
?? Management of multiple levelsof detall of geospatid data; and

! See Appendix B for amore in-depth description of these optimisation techniques.
2 See Appendix C for brief descriptions of these GeoVRML nodes.
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?? Accurecy — overcoming the limitations of VRML's single-precison floaing-point
support.

This is achieved through extensons to the VRML syntax (usng the VRML PROTO
node), which implement nodes that support the efficient and accurate representation, as
wdl as rendeing of large taran modds. More information about the GeoElevationGrid,
GeoCoordinate, GeolLocetion, GeoCOrigin, GeoLOD, Geolnling, GeoPostionlnterpolator,
GeoTouchSensor, GeoViewpoint and GeoM etadata nodes can befound in appendix C.

Figure5.1. Screenshot of scenes developed using GeoVRML [Reddy 2000]

The work that has been undertaken by the GeoVRML workgroup in the development of
GeoVRML, and its acceptance as a Web3D Consortium “Recommended Practice” goes a
long way towards being able to accurately represent 3D geographic information that may
be visudized across the web using astandard VRML browser (with Java support).

5.1.1.3.X3D

The X3D (Extensible 3D) forma, formdly known as VRML-NG (VRML Next
Geneation), is an open 3D grgphics specification for the Web that extends the
functiondity of VRML97. The man objectives of the X3D working group include
ensuring backwards compatibility with VRML97, and the integration of XML. X3D will
endble the creation and deployment of visudly rich 3D graphics that can be viewed usng
andl, lightweight web dients with advanced 3D capabilities. In addition, due to the X3D
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working-group’s  close interaction with the MPEG-4 group’'s ongoing 3D integration
activities X3D will add high-performance 3D to broadcast media [Web3D Press Release
2001][X3D FAQ 2001].

X3D adopts a component-based architecture that supports the extenson of the X3D
vocabulary. This enables the development of extremely compact 3D dients that can be
extended with plugin components/profiles [Web3D Press Reease 2001]. There are
currently a number of profiles that have been developed, induding [X3D FAQ 2001]:

?? The X3D Core profile (X3D -1) — contains a reduced sat of VRML nodes that only
support smple  nortinteractive animation and is intended for the widest-possble
adoption of X3D support.

?? The X3D-2 profile — is a larger profile that covers the full VRML specification in
order to provide support for fully interactive worlds and exiging “rich” VRML
content.

?? The GeoVRML profile — which contains support for the GeoVRML nodes listed
insection 5.1.1.2.

Once GML (see section 4.3.2) supports 3D geospatid data, it is inevitable that a GML to
X3D sylesheet will be written that will dlow GML content to be converted to the X3D
format for presentation in an X3D browser.  Thus utilisng the necessty XML
dyleshests, X3D profiles and supporting Java classes, it should become possble to view
GML, VRML and GeoVRML geospetid data in an X3D browser.  This will be
paticulaly useful for the 3D daa visudisation gpproach we have adopted in the
RADGIS architecture (see section 5.1.2), which currently makes use of a VRML loader
for Java3D, but whch can easly be extended to make use of an X3D loader for Java3D
when one becomes available.

5.1.2. RADGIS: Data setsand Visualisation

The generd framework for our Runtime Application Deveopment GIS (RADGIS)

achitecture was outlined in section 4.6.  This <ection, however, provides gspecific
implementetion detals regarding the devdopment of our data st in VRML and the use of
Java3D for rendering the data, as wdl as explaining the factors that have contributed towards

these choices.

106



When we origindly darted our research, our focus was on the development of a Virtud GIS
goplication that was easy to use, and could be used by anyone who had access to a Web
browser, i.e. no proprietary software. At that stage VRML was the only openstandards 3D
visudisation platform for the Web. Thus, when we creted our modd of Virtud
Grahamstown (see section 5.1.2.1), we made use of VRML.

However, VRML itdf is fairly limited in the types of operdions that it can perform. This is
because VRML is not a genera-pupose programming language. It is smply a vocabulary
for making-up scene descriptions, which runs entirdy within its plugin environment.  In
order to make VRML more powerful, it is necessary to meke use of the Java programming
language to program custom application logic that can interact with the VRML scene.

There are two specified methods for usng Java with VRML that are supported by a number
of VRML plugins. One method is through the use of Script nodes, and the other is though
the use of the Externa Authoring Interface (EAI). It was the latter that was of primary
interest to us, as it provided the desred mechanism for cregting custom visudisaion Java
aoplets that were able to manipulate the VRML Scene Graph in the VRML plug-in, and
provide austomised user interaction and increased functiondity.

The interaction between Java code and the VRML plugin provides a powerful mechanism
for overcoming some of the shortcomings of usng VRML by itsef. An gpplet can be usad to
effect changes in a VRML world, by providing control over the contents of a VRML
browser, embedded in a web page. It does this through the Web browsar’s plug-in interface,
such as Netscgpes LiveConnect or Microsoft's ActiveX/COM, which alows objects
embedded in a web page to communicate with each other. While VRML plug-ins are not
required to implement the EAIl to achieve VRML 20 compliance, severd plug-ins have
implemented it.

Unfortunately, there ae a number of problems with usng the EAI, which include
implementation differences between Web browsers, and different versons of a particular
Web browser, as well as whether or not the VRML browser plug-in supports the EAI. The
most serious issue for the devdopment that we origindly planned to undetake, which
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implemented the GIS dient as an goplet, was the inability for the gpplet to connect to the
VRML scene graph if the applet was being run using the Java plug-in.

As we expanded our gods from smply providing a mechanism to visudise 3D geospatid
daa, to indude the ability to integrate digtributed GIS services implemented usng CORBA
Objects and EIBs, we soon ran into implementation issues due to the lack of support for
“new” features in the VM’s of Web browsaers. The VMs supplied with Web browsers are
very sddom upto-date with the latest VM from Sun, and most only support verson 1.1.x of
the VM. This means that some browsers do not support RMI over 110OP, Java Foundation
Classes, eg. Swing, or “advanced” GUI features such as Java's Drag-and-Drop functiondity,
and the Accessibility APl. The use of the Java plug-in therefore became necessary to utilise
the latest feastures of an SDK release, rather than wait for them to be incorporated in an
upgrade to the browser VM. The plug-in approach was dso dtractive, as it did not dictate
what Web browser or particular verson of the browser the user had to ingdl in order for the
GIS dient applet to run correctly.

However, it soon became gpparent that what we were trying to achieve was possbly best
implemented as a dient-9de gpplication, which incorporated a dedicated 3D browsng
environment, rather than an applet that accessed an externd VRML browser.  This approach
overcame the security redrictions placed on gpplets, and the ingbility for an goplet executing
usng the Java plug-in to access the Scene Grgph in the VRML browser. It dso smplified the
integration of locd and remote services implemented as DGCML descriptor files thet require
the ability to read and write configuration and helper files, ad make network connections to

multiple machines on which the digtributed services were running.

Our current proof-of-concept didributed spatiotempora GIS client application, RADGIS, has
therefore been written in Java, for plaform independence, and uses Java3D for the
visudistion of the 3D VRML worlds, thanks to the avalability of a VRML loader for
Java3D. This decison has proved very useful, as it has dso ensured that support for GML, or
X3D scenes generated from GML usng a GML to X3D gdyle shed, could be added by
amply adding the appropriate GML or X3D file-format |oader for Java3D.

Currently, neither the GML nor the X3D specifications are complete. While an early verson
of an X3D file-format loader for Java3D does exist [Brutzman et al. 2001], it is not possble
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to test the overdl sysem, based on GML encoded spatid data, as GML does not currently
support 3D features and therefore neither a complete GML file-format loader for Java3D, nor
GML mapping to X3D currently exigts.

Snce the focus of this research is not on the rendering of 3D geospetid data, we have
decided not to change file formas until a fully implemented verson of the X3D loader
becomes available. However, we recognise the short-comings of VRML with respect to geo
referencing geospatid daa and the limitation of dngle-precison floatingpoint support, and
wigh to highlight the extensve work being done by the GeoVRML working group to support
geospdtid data rendering based on the VRML and upcoming X3D specifications.

5.1.2.1.Creation of the Spatial Data Set: Virtual Grahamstown

In order to create the VRML data sats, we made use of an extrude utility written by
Bangay [1997]. This dlowed us to scan in maps of Grahamstown and then "digitise’
features such as roads and buildings. Contour maps with roads and outlines of the floor
plans of buildings, from the Town Planning Office, were used for most of the layout and
georeferencing of the roads and buildings. However, some smadler, more detailed maps
of the Rhodes Universty campus were adso used for cresting more accurate
representations of buildings on the universty campus. Thus a number of maps covering
adjacent areas were usad in the creation of this mode since no one map was cgpable of
providing the view of the town in the required detall.

Once the maps had been scanned in, the outlines of the buildings were used as a template
for specifying the arrangement of the walls.  Using the specidised extrude tool (see figure
5.1), devdoped specificdly for the purpose of credting the objects in the virtud world,
these walls were raised to the gppropriate levels, and then a roof was added. The resultant
three-dimensond volume represents the outsde of the building, and is Stored as a st of
polygons that make up the walls and roof of the virtud building.

The two polygon primitives that were used to creste the buildings were verticd
rectangles, used to form most of the walls, and triangles that were used to congtruct the
roads and roofs, and any other specidised feaure.  Since the outline of the building is
captured as a sequence of line segments whose end points normally overlgp to produce a
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dosd horizontd polygon, it is ussful to ensure that the end points of overlgpping
segments are not needlesdy duplicated. Thus points within a smdl disance from each
other are identified and merged to form a single common vertex.
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Figure5.2. Screenshot of Extrude utility

Each line segment in the outline of the horizonta polygon forms a verticd rectangular
wadl in the find virtud building. An additiond parameter mugt therefore be specified to
represent the height of the wadl, and the absolute height of the building as a whole
(rdlaive to sea-level or any other convenient reference point) can then be specified as a
base offset for the entire building.

Since each object will be used together with many other objects in a virtud world where
the speed of interaction is important, there is a trade-off between the level of detail (LOD)

of the gtructures and the find rendering speed.

It is therefore assumed that a smplified
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outline for the building is sufficient for most objects However, should more detal be
required for a particular object, that object can dso be created a a greater LOD and used
together with VRML LOD and InLine daements to provide a higher leve of detal for
thet object (see appendix B).

Once the dructures had been created, it was then possble to add colour and to map
textures to the buildings to add redism to them. See figures 5.3 ad 5.4 for sample
sgpshots from  Virtud Grahamgtown, which illugtrate the redism achieved by adding

colour and textures,

Colour, as opposed to texture mapping, was used where the sgnificance of the building
was low, or the building was being drawvn a a lower level of detal, or where the texture
of an area would have been rdativdy plan. This reduced the scene complexity and
increased the speed of rendering the scene.

TH

E

S

ik

Figure 5.3. A snapshot of selected buildings on the Rhodes University campus
(looking towar ds the Grahamstown M onument)
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Figure5.4. A snapshot of the Grahamstown City Hall(L eft) and Cathedral (Right)

The use of textures for important landmarks, however, is dmost mandatory, and the
resulting redism is extremdy high in comparison with smply using colour. The texture
maps for these buildings were obtained by teking ill-shots of the actud buildings usng a
video recorder. While the use of texture mapping is rdaively resource intensve, there
ae ways to minimise the effect of usng textures within a scene, and to reduce memory
usage a rendering time. These include:

?? Repedting the texture both horizontdly and verticdly, dlowing areas with repeaied
features to be efficiently generated from only a single ingance of the texture of that
feature.

?? Sdecting active aress of the texture adlows reuse of the texture maps for cases where
only smdler portions of the texture are required. For example a texture used for an
entrance arch with window above, could equdly wedl be used for a wal with a
window of the same shape.
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5.2. Location-transparent GI S Services

The second part of this chapter shifts the focus to our more recent and innovative work. As
outlined in the Introduction (see chapter 1), we have identified a number of problems with
traditiond GIS gpplications, and have therefore developed RADGIS in an effort to provide an
dternative GIS client architecture that overcomes many of these problems (see section 4.7).

The runtime-extensble RADGIS architecture enables the development of highly-
customissble and scdable GIS dients, that can be talored by end-users according to ther
doman-specific requirements and leve of expertise. It dlows users to make use of both loca
and remote implementations of GIS sarvices that have been developed and deployed using
our DGCML metalanguage. This facilitates the use of GIS services thet may be invoked
with locaiontrangparency on the locd machine or on a remote server, depending on where
the data that is to be processed is dored. This is an important capability as data and services
become more closdly integrated, and data providers add vaue to their underlying datasets by
providing value-added services, in order to maintain their competitive advantage.

5.2.1. Standardised M etadata for Efficient Integration

Metadata is extremdy important for providing context. Just as we require informeion to
base our decisons on, the more metadata one provides about the GIS components, the easer
it becomes to integrate them efficiently with the client GIS application.

Software is generdly shipped with documentation on how to use it, together with an online
hdp sysem. Individud software components (both locd and remote implementations)
should be crested in the same manner, i.e. each component should have asociaed
documentation describing how it should be used, induding expected input, output, boundary
conditions and possbly what dgorithm wes used in its implementation, as wel as having a
comprehensve online hep sysem. However, because these components ae to be
discovered, and added to the dynamic gpplication a runtime, as opposed to & development-
time, there is the additiond requirement that this information be dored in a Standardized
manner, to facilitate automated retrievd.
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Two methods for providing information about the GUI and ortline hdp for each todl,
implemented as a CORBA object or EJB, were initialy consdered. The first was to create a
sandard set of methods that must be implemented by each CORBA object or EJB, eg.
getHdp and getGUI. These methods could in turn query a database and return the reevant
XML encoded metedata. The second method, which we decided to adopt, does not require
any changes to existing CORBA objects or EJBs. Ingteed, it provides the metadata about the
intended use of the CORBA objects and EXBs in a readily customissble XML documernt,
using the Didtributed Component GIS Markup Language.

5.2.2. The Distributed GIS Component Markup Language (DGCML)

The DGCML metalanguage was developed to provide deployment, GUI and help system
meta-information about locdly and remotdy implemented GIS sarvices tha could be
integrated by the RADGIS dlient a runtime. The factors that influenced the design of
DGCML were covered in chapter 3. This section will now provide implementation-specific
details of the DGCML meta-languege.

DescribeService.DTD
(Deployment informetion)

o .

DescribeGUI.DTD DescribeHelp.DTD
(GUI specification) (HelpSet informetion)

Figure5.5. The DGCML DTD hierarchy

Figure 5.5 illugrates how the DGCML language has been defined in three separate DTDs
that specify the format of the deployment, GUI, and hep information sored in a DGCML
decriptor file. The describeService DTD file, shown in table 5.1, ensures that a GIS service
descriptor based on DGCML contains the following information:

?? The name, vendor and verson of the GIS sarvice, as well as an optiond icon that can
be usad to identify the service;
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?? Linksto adescription of the service, and the license agreement;

?? The codebase which indicates what type of tool it is, i.e. whether the tool resdes
locdly or is aremote implementation, and its location;

?? A complete description of the GUI required by the tool to operate correctly; and

?? Thelinksto the HelpSet files.

<IENTITY % helpSystem SYSTEM "file://localhost/C:/describeHelp.dtd">
%helpSystem;

<IENTITY % guiDisplay SYSTEM "file://localhost/C:/describeGUI.dtd">
%guiDisplay;

<IELEMENT GISService (CodeBase*, GUI, Help)>
<l- Menu is optional in case the tool is a stand-alone application -->
<IATTLIST GISService name CDATA #REQUIRED vendor CDATA #REQUIRED
version CDATA #REQUIRED>
<l- href is an optional tag that indicates where to find a web page describing the
(distributed) tool -->

<IELEMENT CodeBase (License?)>
<IATTLIST CodeBase url CDATA #REQUIRED icon CDATA #IMPLIED>

<k- if the icon field is empty, the name of the tool (as bound in NS) is used-->

<IELEMENT License EMPTY>
<IATTLIST License href CDATA #REQUIRED>

Table5.1. DTD for GIS Service (describeSer vice)

5.2.2.1.Deployment metadata

The XML descriptor file for a particular GIS service contains the unique name of the GIS
savice, the vendor's name and the verdon of the service. It dso includes an optiond link
to a description of the GIS servicee The destription of what the GIS sarvice does,
generdly aso marked-up usng XML, serves as online documentation.
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The XML encoded description can be processed by an XML-to-HTML syle sheet, using
the XML Style-sheet Language (XSL) [Adler 2000], to create an HTML document for
presentation in a Web browser.  Alterndively, it is dso feasble that the XML description
could be used by a Regidry sarvice when differentisting between multiple tools that fulfil

the same function.

The DGCML descriptor dlows for the specification of dternate codebases, for the
provison of more than one remote runtime indance of a paticular vendor's
implementation of a GIS tool. This provides fault tolerance, and the ability to switch
remote service providers based on sarvice levds or cod, in the event tha component-

based or per-usage charging moddls are implemented at a later stage (see section 6.6).

The gpecification of more than one codebase for an implementation of a particular tool
adso provides the ahility to choose a server “closg’ to the data source.  This is very useful
if, for exangde, a geogpatid data vendor aso provides remote access to indtances of
paticular GIS sarvices. (We are assuming that processing the data on the remote dte is
more efficient than firg downloading the whole dataset and then performing the operation
locally, or that the user does not have aloca implementation of that service))

5.2.2.2.GUI specification

The DGCML GUI gpecifiction dlows the dient GIS gpplication to build the GUI
required by the GIS Service a runtime, usng Javas Reflection API. This mears that
changes to the GUI may be made by smply editing the DGCML GUI description. There
is no compile-cycle required, and the changes to the GUI are reflected the next time the
GUI is generated, i.e. changes to the GUI do not require the user to close down and restart
the entire dient GIS gpplication.

The describeGUI DTD, which describes how a GUI for a GIS service can be specified, is
gvenin table 5.2.
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<l--  All methodcall names starting with the string "remote:" are reserved for internal use by
DGCML -->

<IELEMENT GUI (Component | MethodCall)*>
<k- If there are no components, there is no visible GUI and the tool is simply "executed"

using method-calls -->

<IELEMENT Component (Component | Property | MethodCall | Event)*>
<l- MethodCall is required for invoking methods on Components that are not
getting/setting properties of beans, such as pack() on a container -->
<IATTLIST Component name ID #REQUIRED type CDATA #REQUIRED
position CDATA #IMPLIED>

<IELEMENT Property (MethodCall*)>
<IATTLIST Property comp NMTOKEN #IMPLIED name NMTOKEN #REQUIRED
value CDATA #REQUIRED >

<IELEMENT Event (MethodCall | Property)*>
<IATTLIST Event type NMTOKEN #REQUIRED filter NMTOKEN #IMPLIED>

<IELEMENT MethodCall (Param*)>
<IATTLIST MethodCall name CDATA #REQUIRED ReturnType CDATA #REQUIRED
ReturnValueDest CDATA #REQUIRED>

<IELEMENT Param (Property?)>
<IATTLIST Param Source CDATA #REQUIRED DataType CDATA #REQUIRED
CallType CDATA "IN">

Table5.2. DTD for GUI specification (describeGUI)

The describeGUI DTD specifies the following:
?? Zero or more components or method cals, where the absence of any components
infers that the GIS Service does not require its own GUI, i.e. it is probably a batch

process.

117



3

Unique naming of dl components such that they may be referenced as sources
and/or destinations of arguments/return types for method cdls.

The getting/setting of JavaBean properties.

The events generated by the relevant components.

The method callsthat should be invoked.

The parameter types with which a method cdl should be invoked, induding a
cdlType flag to sgnd whether the argument in the object’'s IDL file was defined
asan“IN”, “OUT” or “INOUT” parameter.

N N 3 3

The focus of DGCML is to provide a highly cusomissble frontend for users that can
upport tight integration with the dient-gpplication.  Therefore, it has been kept redively
smple, and has not attempted to become a Javalike XML programming language. This
means that certain complex operaions may not be easly achieved usng DGCML.
However, these complex operations would normaly encapsulate some programming
concept that would be best implemented as a Java class. That Java dass could then be
referenced in the DGCML descriptor to provide the desred functiondity smply and
efficiently.

Thus there is a trade-off between the ability to easly customise the functiondity of the
GUI by editing the DGCML GUI specification, and reducing the complexity and amount
of Reflection that is required to build the GUI, by writing certan complex operations as
“helper” Java classes.

Complex GUI's may therefore be developed ether through the use of Javas Swing
components, or cusom-built GUI/helper classes. If one wanted to add a custom GUI
component not (easily) programmable via the DGCML meta-language, it is possible for
that functiondity to be crested in a dandard Java class, and for an object of that type to be

ingtantiated and added to, or used by, the GUI.
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5.2.2.3.Help Metadata

Some GIS packages ae 0 large that ther documentation is seldom up to date with the
new features, and often they have trouble just keeping up with their dandard features.
For a large GIS package that tries to provide as many tools as possble, the volume of
documentation becomes amost unmanagesble to maintain, ad this in turn mekes it
difficult for usersto find relevant information within the help system.

There is a greater likelihood, however, that if specidiss wrote individuad services, that
the documentation (help sysem or user manud) would be up to date, and could provide
more detailed use-cases, explanations of the dgorithms used for certain processes, such as
the interpolation methods used for the credion of digitd devationtaran modds,
explanaions of boundary conditions, or possble problem datasets.

We ae usng JavaHep 1.1 [Sun Microsystems 2001c] in our RADGIS dlient to provide
access to remote help data for our GIS sarvices. JavaHep uses XML documents to
specify the dructure of each hdp sysem, and HTML formatted text for the presatation
of the hdp. It dso defines Smple mechanisms for the merging of help data from different
components that may be dored a different locations, as wel as the indexing and
searching of these help files For a comprehensve description of how JavaHelp provides
locationtransparent access to help data, and the ability to merge hdp data from multiple
components, refer to the JavaHelp Usar’s Guide [Sun Microsystems 2001c].

<IELEMENT Help (HelpSet*)>
<IELEMENT HelpSet EMPTY >
<IATTLIST HelpSet href CDATA #REQUIRED>

Table5.3. DTD for Help specification (describeHelp)

The describeHelp DTD dlows the user to specify one or more HelpSets for the GIS
svice, i.e the hedp sysem for a paticular GIS service can be created from a number of
smaler hdp topics if desred. Thee HdpSats are merged (in a hierarchica format) with
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the RADGIS client's help sysem a runtime when the tool is invoked. Each HepSet
dement smply contains a reference to the JavaHep HepSet file, which in turn contains
references to the JavaHelp mep file, and the files necessary for providing the table-of-
contents, index, and search views.

Figure 5.6 shows how the HelpSets for two GIS tools (GIS Tool A and GIS Tool B) have
been merged with the main hep sysem of the client goplication. It is possble for the
help sysems of these tools to be downloaded to resde locadly, or to be accessed a
runtime across the Internet. Therefore use of JavaHdp, which facilitates the
implementetion of a didributed hedp sysem, provides a high levd of locaion
trangparency to the end-user when accessing help information.

< <HelpSet>

<TOC>

<Index>
<HTML>
<Head>
- <Title>
L{ | GISTool A —

| | Overview
</Title> ...

GISTool A

Client GIS Application

<Index>

<HTML>

<Head>

— <Title>

L! | GISTool B —

| | Overview
</Title> ...

Merged Help GISTool B

Figure5.6. Useof JavaHelp to display help data from different GI S Services
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5.2.3. Adding and Invoking a Service — A Use-case Example

In order to illusrate how the functiondity of the RADGIS dlient can be extended a runtime
through the addition of a new sarvice, developed and deployed usng DGCML, we will now
briefly describe a smple usecase scenario for a remote tool thet has been implemented usng
aCORBA object.

Bdow, figure 5.7 illusraes how a smple SQL query tool, implemented remotdy as a
CORBA object, could be added &t runtime and invoked by the client gpplication.

XML
description of

SQL Query

Tool

Database

Client

A
kP JDBC

Remote CORBA Object

Figure5.7. CORBA SQL query tool example

Fird the user searches for the tool that is required for the task a& hand, possbly by browsng
the Web for links to DGCML descriptors or usng specidised lookup services such Regisry
or Directory services (see section 4.6).
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Once the user has found the desred tool, the DGCML descriptor for that tool is downloaded,
together with any supporting Java “Helper” classes, and then the icon and tool name ae
added to the GIS dient's menu and/or toolbar. This completes the “inddlation” of the new

savice.

When the user chooses to invoke the saervice by sdecting it from the menu or toolbar, the
DGCML descriptor file is parsed by the dient gpplication. The dient goplication then looks
up the object reference to the CORBA object, and assuming that there was no compile-time
knowledge of the tool, would use CORBA’s Dynamic Invocation Interface (DIl) to invoke
methods on the object.

These method invocations would generdly be the result of events generated by the user of the
client gpplication, when interacting with the GUI associaied with the tool. This GUI would
have been crested by the dient agpplication in response to the XML description associated
with the CORBA object, e.g. the SQL Query tool in figure 5.7.

5.2.4. Creation of a L ocation Service

In generd, location sarvices are pecific gpplications of one or more generic GIS tools thet
amplify the inteface and dlow traditiondly nonGIS users to meke use of GIS-type
functiondlity transparently.

For example, consder the interface required for implementing a smple yelow -pages location
savice for finding dl restaurants within a particular disance of a user-specified location.
This location service is essantidly a “complex” soatid query that would probably not be
correctly specified by a nontechnicd user.  However, due to the nature of the location
savice to be implemented, the number of unknowns (such as the number of parameters, the
names of these parameters, and the name and locetion of the database table holding the
resaurants location information) are reduced, dlowing much of the query to be pre
generated by the developer of the service.

In addition, by cresting a smple inteface, such as the one implemented usng DGCML
shownin figure 5.8 (the DGCML liging for this example has been included in appendix E), it
is very easy for the user to make use of such a sarvice, i.e. only the user’s locaion and radius
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in which to search for restaurants are required. It is possble to smplify the user interface
even more if the user accesses the location service from a cdlular phone, which can be used
to autometicaly determine the user’ s location using triangultion.

RADGI S Client

L ocation
Service

Figure5.8. Example of alocation service for finding restaurants

The above example shows the tremendous flexibility of the RADGIS architecture.  RADGIS
is, in effect, a generic client architecture that is able to parse DGCML descriptors a runtime
and, usng Reflection, generate the GUI necessary to execute GIS services, location services
or avy other type of sarvice described by a vdid DGCML descriptor.  Thus our gpproach
dlows one to cregte a dient-gde framework in which one could combine location services to
creete more sophidticated tools, as well as dlowing further processng of the results obtained
from invoking a particular location service.
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5.3. Invocation of methods at runtime

Our DGCML goes further than smply wiring together components to cregte an gpplication,
but looks at the integration of tools for which no previous knowledge of other components is
known. At the same time, a requirement of our RADGIS system s that it must be smple for
the user to add and remove tools as well as modifying thelr ingdlation and/or GUI for tight
integration with the dient gpplication.

In our description of the DGCML grammar so far, we have not mentioned anything about
how te sarvices are implemented. This is because the DGCML is independent of whether
the services are implemented as CORBA Objects, EJBs or smply in locd class files (Stored
in JARs).

Methods of both locd and remote objects may be invoked when executing aGIS service that
has been developed usng the DGCML. However, because these sarvices have been
developed separatdly to the RADGIS gpplication, the RADGIS gpplication has no compile-
time knowledge of these objects. It is therefore necessary to make use of specid mechanisms
to accommodate this dynamic behaviour.

5.3.1. Invocation on local objects using Reflection

Java cdasses that implement GIS sarvices, which have been downloaded to the dient's
mechine to run locdly, reguire a runtime mechaniam to indantiate objects, set properties and
invoke methods.  Fortunately Java provides just such a means for the “introspection” of Java
classes, namely Reflection.

Reflection is a runtime cagpability that fadilitates late binding, and is an essntid pat of
JavaBeans technology, dthough its uses dretch far beyond JavaBeans. Its power lies in
providing an abdraction that frees software from having datic references to target classes and
objects when it is compiled [Portwood 2000]. Thus, desgning with Reflection provides
flexibility, extenshility and pluggebility thet are essentid for the type of dient architecture
we have devel oped.
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The javalangreflect package provides the ability to query a Java class about its properties,
and to operae on methods and fidds by name for a given object indance, within the basic
security framework, eg. based on access modifiers [Tremblett 1998]. For more information
regarding Java s Reflection mechanism, refer to [Portwood 2000].

According to Portwood [2000], there are a number of myths surrounding the use of
Reflection, including that Reflection is too complex for use in generd-purpose agpplicaions
and that Reflection reduces peformance of goplications. He mantains that, when properly
applied, Reflection leads to improved performance and smplified maintenance, with greater
reusability and extensibility of software.

Apat from the method invocaions on the GIS tools, Reflection is used for building the GUI
from Swing components. Swing components are JavaBeans, &d as such dlow one to use the
Bean Introspector to interrogate a Swing component (usng Reflection) to reved important
agpects of its behaviour, such as the types of events it will respond to, and the types of events
it may generate [Spruit 1997].

5.3.2. Invocation on Remote Objects

Our RADGIS gpplication mekes use of both ddic (i.e. usng compile-time knowledge of
stubs) and dynamic (i.e. runtime discovery) method invocetions on remote objects.

Thismeansthat, a runtime, it is possible to look up referencesto:

?? digributed objects that were known about & compile-time, and were “built-in” by the
programmer. Here the only “unknown” a compile time may have been where the
digtributed objects would reside a runtime.

?? didributed objects that were not known about & compile-time.

The former is rdatively straightforward because one is able to make the assumption that the

progranmer has detailed knowledge of how the remote object should be invoked, what
paameters to pass, and what to do with the result. The later, however, is far more
complicated as one cannot assume that the user has any knowledge of how to invoke the tool
that has been discovered a runtime, nor how to incorporate it into the current application.
The levd of expertise required by auser (or by the framework acting on behdf of the user)
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that wishes to discover new tools a runtime is therefore much greater than that of a user that
only makes use of gatic invocations of “built-in” tools.

There are two possible models for accessng remote services.

?? The fird assumes that only the discovery of tools is dynamic, and thus once a tool has
been sdected, the necessary stubs are downloaded and ingtaled on the dient machine.

?? The second requires the use of the Dynamic Invocation Interface (and the Interface
Repostory) to implement the dynamic invocation of method-cdls on the remote
CORBA Object(s), or the use of Javas Reflection mechanism for EBs. It is
unfortunatdy not possble to dmply use Javds Reflection mechanism to invoke
methods dynamicaly on both CORBA Objects and EJBs, as the CORBA Objects
may have been implemented using a language other than Java (which may not support
Reflection), and therefore the CORBA (proxy) Objects do not hold the necessary
information for peforming Reflection on the CORBA Objects implementations.
Both of these gpproaches have therefore been implemented in the RADGIS dient to
provide transparent access to CORBA objects and EJBs for which no compile-time
knowledge exigts.

5.3.2.1.CORBA Objects

CORBA's Dynamic Invocetion Interface (DIl) dlows a client to choose any target
CORBA Object at run time and then dynamicaly invoke its methods.

Dynamic invocation usng the Interface Repostory is invariably dower than usng datic
dubs. However, much of the peformance loss associated with DIl in generd, is
atributed to looking up the interface name, getting the operation identifier/parameters,
and cregting the request (Duman, 1999). Therefore, usng the information about the
method-cal stored in the XML descriptor, one is ale to minimise the performance loss
associated with using the dynamic invocation.
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5.3.2.2. Enterprise JavaBeans (EJB)

It is posshle to create the necessary proxy objects for the home and remote interfaces
required for invoking methods on a particular EJB using Java's Reflection APl (as used in
section 5.3.1 for invoking methods on locd objects). This is extremdy ussful as it
gmplifies the invocation process and dlows a dandard mechanism for the runtime
invocation of methods on bath loca and remote objects.

5.4. Summary

In this chapter we have presented the implementation details and some of the initid design
congderations that were taken into account during the devdopment of our RADGIS
application and the DGCML grammar.

Specificdly we detalled the use of VRML modds for the cregtion of the data s, the
problems associated with the use of VRML for cartographic representation and the work
currently being undertaken to solve these problems together with the emerging X3D standard.

Once we had outlined how the RADGIS client visudised the 3D data, we gave a bresk-down
of the DGCML descriptor file and provided a smple use-case scenario. We dso provided an
example of how a location service could be deveoped usng DGCML. The ability to invoke
methods on locd and remote objects was then discussed to complete the overview of
technologies used in the deve opment of the core functiondity of the RADGI'S application.

With this knowledge it is now possble to look a some of the implications that the RADGIS
achitecture has on the devdopment of GIS savices for deveopers, as wel as the
implications of usng and customisng such an agpplication for the end-user. This will provide
us with an opportunity to discuss the benefits that are derived from usng the RADGIS

architecture, and to look a some of the issues would that need to be addressed if RADGIS
wereto be released commercidly.
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Chapter 6

Discussion

“Reality ismerely aniillusion, albeit a very persistent one.”
Albert Einstein (1879-1955)

Thus far we have described the problems with current GIS architectures, which have
highlighted the need for an extensble dient architecture that fecilitates the addition, and
close integration, of interoperable GIS services a runtime.  We have adso outlined the
implementation of our proof -of-concept system, cdled RADGIS, which ams to fulfil these
requirements.  In this chapter we will now present some of the implications that arise from
the use of the RADGIS architecture, such as the desgn congderations for object developers
and component integrators.  In particular, we will highlight the fact that very little, if any,
modification to exiging objects is required, and tha component integrators are adle to
assemble GIS and location services with tremendous ease and flexibility.

We will dso discuss what impact the use of the RADGIS architecture has on the usability of
dient-9de GIS gpplications, i.e the levd of expetise required by the user to successfully
make use of the RADGIS dient. This dlows us to present the quditative benefits of using
the RADGI S architecture to access GI S tools and services distributed across the Web.
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During the course of our research, and the implementation of our RADGIS architecture, a
number of issues arose from the use of distributed components and services that were not part
of the origind research mandate. These include the necessity to provide a directory service
for regigering and locating GIS sarvices, as well as the adoption of new charging modes for
digributed components and savices, the posshility of employing pardld processng, and the
ability to modify the user interface a runtime based on what tools are currently being used
(adaptive or intdligent user interfaces).

While we were unable to address these supplementary issues in the limited time and scope of
this invedigation, we have devoted the later part of this chepter to these issues in order to
highlight further work that would have to be undertaken if one were to implement a full

verson of the RADGI S architecture for commercid release.

6.1. Design consider ations for the object developers

Due to the desgn of DGCML, which dlows component integretors to wire together both
GUI objects, and locd and remote objects that provide GIS functiondity, there is no need to
modify exiging GIS tools tha have been devdoped as components. The flexibility of the
DGCML language, together with the ability to make use of “helper” Java classes ensures that
it is possble to adapt an existing GIS tool for use in the RADGIS architecture.  The amount
of “adapting” that must be performed by the component integrator to successfully meke use
of that component can be considered an indication of itsleve of re usability.

This is a large benefit of our desgn, since it does not require that the objects that implement
the desred GIS functiondity be rewritten to adhere to a paticular sandard or format.
Ingead, it is possble to adgpt exising components. However, there are definite benefits to
be derived from cregting GIS services based on objects that have been implemented using
dandards, eg. the Open GIS Consortium's Implementation  specifications,  including
amplifying compatibility and subditutebility decisons (see section 2.1.4), ad reducing the
need to create complex component adapters.
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Therefore, while there are no additiond requirements imposed by the RADGIS architecture
on object developers, or the need to rewrite exiding objects, it would be beneficid for object
deve opersto create GI S tools that conform to standards.

6.2. Design considerations for the component integrators

It is the component integrator who will most likdy write the DGCML descriptors thet
provide customised GIS services, which can be integrated by the RADGIS dient a runtime.
The gods of component-based software development are to maximise code reuse and
amplify application devdopment.  However, many unforeseen circumglances may aise
when trying to meke use of such a generdised approach to gpplication developmert,
paticularly with respect to integrating components that were developed by different vendors,
a different times and possibly across gpplication domains.

Thus, from time to time, it may be necessxy for a component integrator to adso write
converter or “helper” objects to facilitate particular operations that fadl outside the scope for
which the component was origindly intended. Thee hdper dasses dso dlow component
integrators to smplify the DGCML code necessaay for specifying complex GUIs and
component interactions, as wel as for “hiding” cetan opedions that should not be
modifigble by the end-user.  The customisability and the flexibility provided by the DGCML
meta-language, together with the ability to creste and utilise “hdper” Java classes, therefore
ensures tha a component integrator is able to develop easly-cusomisable, yet sophidticated,
GIS services based on diverse GIS components.

However, without dandardisation amongst GIS object developers and component integrators,
on issues such as naming conventions and documentation, the power to replace
implementations and to faclitate tight integration of services with the client application will
be saverdy hampered. Therefore the greatest benefits will be derived from our approach, and
CBSD in generd, when used in combination with agreed upon standards.
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6.3. Implicationsfor the client

The gpplication of our gpproach to dynamic runtime sysems development using distributed
objects, to the fidd of GIS, opens up the scope of GIS agpplications for traditiondly non-GIS
communities that require only a subset of the GIS functiondity available. Thus users would
no longer have to download and inddl large GIS packages if they were only ever going to
use a fraction of the GIS functiondity that is typicdly bundled with current GIS applications.
Indead, usng RADGIS, they would have the &bility to add GIS sarvices to the dient
framework as, and when, required.

Rudimentary GIS gpplications can be creaied by rdatively inexperienced usars, smply by
secting the tools required, and decting to add them to the dient gpplication. This course of
action makes use of the default DGCML descriptor file, developed by a component
integrator, which defines the mechanics of how the tool is to be located, and integrated into
the dynamic gpplication a runtime. No further cusomisation or user intervention is required
in order to make use of these tools The RADGIS dlient uses the sdf-describing DGCML
descriptor to display the default GUI for invoking the tool, as wel as integrating the help
asociated with the tool, into the dient application’s hep sysem.

However, the red power of this approach lies with the expert usr who can modify a
DGCML decriptor, so as to dlow tighter coupling and integration with other locd and
digributed tools, as well as the core dient gpplication. This incudes the devdlopment of new
savices that peform multi-sage processng by chaining tools together, or executing batch
operations.

Thus, if the tools are used with their default DGCML descriptors, no further configuration is
necessary and the end user is not required to peaform any complex integration operations.
However, expert usars are able to benefit from the large degree of customisation availadle,
and are therefore no longer redtricted to use a GIS desgned for “mogt” users, but instead can
cugomise ther dient GISto suit ther individud requirements.
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6.4. Combining Gl Stools and data to create location

services

Our research has primarily focussed on developing an architecture that dlows the user to
creste ther own customised, scdeddown GIS goplicaiion, which contans only the tools
required for hisher particular tasks. However, we have dso demonstrated how our approach
would dlow one to creste a dientsde framework in which one could combine location
sarvices to creste more sophidicated tools, as wel as dlowing further processng of the
results obtained from location services (see section 5.2.4). The RADGIS architecture could,
therefore, just as easly fadlitate the development of smdl, specidised applications thet

integrate one or more location services.

This is an important cgpability of the RADGIS architecture congdering the sgnificant
indugry interest and finarcid backing that is moving the Location Services indusry forward
as new markets for location services are rapidly being uncovered. Location Services strong
reliance on GIS functiondity means that many of the OpenGIS® standards developed by the
OCG, particularly GML, will ds0 be used in the development of future location services.

The rddively recent development of locationbased services, which share much in common
with digtributed GIS sarvices, has dso spurred renewed interet in providing Webrbased GIS
functiondity. Location services will theefore foser the devdopment of open
implementations of GIS tools that may be accessed remotdy, as well as the exposure of
vadudble intringc location-based information.  This is extremedy important because it is only
as more data and tools ae made avalable online, that the rdaing and organigng of this
location-based  information will dlow hidden meanings and rddionships to be reveded, and
the true potential of GIS and location services to be unlocked.
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6.5. Runtime discovery of remote implementations of GI S

services

The envissged future of didributed geospatid data and services will not become a redity
without the ability to efficiently expose these data and services. In the same manner that web
search engines have endbled us to search huge quantities of data, 0 the ability to search for
geospetiad data and services will require providers of these data and services to register them
with software that provides a searchable repository of festuresand metadata.

Due to the focus of the research we have not implemented a catalog or directory service (see
section 4.6) to dlow the regidration and discovery of GIS savices implemented using
DGCML. Ingead, for demondration purposes, we have smpy generated Web pages
“advertiang” the sarvices. These Web pages are based on the XML descriptions of the GIS
savices, and have links which dlow the user to download the DGCML descriptor(s) and any
supporting Java “Helper” classes (see figure 6.1), bundled as a JAR file with an extenson
.DGJAR.

The user can browse, download and ingtdl anew service in two different ways:

?? The dient may use a sandard Web browser to navigate to, and browse, a Web page
which describes a GIS service that may be used by the RADGIS dlient. The user
may download the JAR file usng the Web browser to the locd machine, and ingdl
the GIS sarvice by sdecting the .DGJAR destriptor using the “ingdl” option in the
RADGIS client at runtime.

?7? Alternatively, the RADGIS cliert can make use of a generic Web-browser service,
implemented usng a customised Java Swing JEditorPane component, that has been
developed and deployed as a DGCML descriptor.  Clicking on a link to a .DGJAR
file in this Web-browser service invokes the RADGIS dient’s ingtdlService method,
automaing the download and inddl process, i.e adding the icon and service name to
the menu and/or toolbar.
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Figure 6.1. Advertising GI S servicesusing Web pages

However, we redise that the smplicity of this gpoproach dso has a number of drawbacks, and
does not take into account the research being undertaken with respect to directory services
that are beng desgned to smplify object/sarvice registration and discovery. Therefore we
refer the reader back to section 4.6, in which we discussed some of the prospective
technologies that may be used to develop regidries that advertise GIS services. Figure 6.2
shows the role that a registry sarvice would play in the RADGIS architecture to dlow the
client to discover aparticular GIS sarvice.
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Figure 6.2. Advertising GI S services using a sear chableregistry

6.6. Benefits

The runtime gpplication development paradigm of the RADGIS cdient architecture, which
facilitates the addition of GIS services, deveoped and deployed usng DGCML, has a
number of advantages. Theseinclude:

?? the credtion of samdl GIS gpplications with specific functiondlity, aimed at reducing:
0 theper-seat licendng fee
0 thecomplexity of the overdl gpplication; and
o thelearning curvefor non-GIS users.
?? finer licensng granularity, which facilitates the use of dterndive pricing modds (see
section 6.7.1). Thus the user may no longer be required to pay for functiondity thet
they do not require.
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?? redudng agpplication bloat, which in tun reduces the in-memory and secondary
storage requirements of the software.

?? loading functiondity only when required which amortizes the load time through the
entire run of the gpplication. Unused functions are never loaded, which reduces the
demands made on system resources.

?? theflexibility to support both novice and expert users within the same architecture.

?? the adlity to meke use of different underlying implementetions of a particular GIS
service while retaining the use of a sngle “familia” user interface to which the user
may be accusomed. This is particulaly useful for dimingting the “limited transfer of
knowledge’ when a user changes from using one software-package to ancther.

?? providing the user with increesed flexibility when choosng application  components
and sarvices, depending on the user’ s processing requirements and level of expertise.

?? improved robustness due to reuse and condant retesting of components in different
environments.

?? the ability to make use of dynamic invocation, which ensures that users dways have
access to the latest verson of a particular object/service. Due to the centralised nature
of server-9de processing, a vendor can essly retract an old verson and rebind a new
verson of thet tool to the old naming context, thereby dynamicdly upgrading the tool
trangparently and ensuring that users dways work with the most up-to-date versons
of objects.

?? the ability for a sngle didributed object to be used by many different sarvice
implementations that are distributed across the Internet.  This reuse of “live’ software
components or sarvices has the potentid to be more useful than making use of &atic”
component code repositories.

?? increased interoperability and cugtomisability of components via a runtime extensble
client framework.

?? possble bandwidth savings if the geospaiad daa to be processed resides “cdlosg’ to
the remote sarvice that is being invoked, eg. if both the data and service resde on the

same Intranet.

Our goproach has the added benefit that within the field of GIS, the Open GIS Consortium
has dated sandardisng interfaces and specifying IDLs for the spatid and attribute datatypes
[Open GIS Consortium, 1998b]. It is therefore possble to create a dient that knows how to
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interact with dtandardised GIS datatypes and services, increasing the ability to incorporate
new tools & runtime with high levels of integration.

Alternatively, if one congders the use of more generd-purpose components, it aso becomes
posshle to meke use of a sngle component in more than one gpplication domain. Hence it
may be possble to generdise our RADGIS architecture to the point that one no longer
requires the use of different goplications for different tasks. Ingtead it would become possible
to make use of a sat of loossly coupled components that dlow tight integration to process
informetion across traditional gpplication boundaries.

DGCML:
GIS
ServiceA Geogspatial
Components
Registry

DGCML:
L ocation
Service

DGCML.:
Alternative
implementation
of GIS Service A

Figure6.3. Example showing how morethan one DGCML descriptor could make use
of adistributed Gl Stool

While the implementation of such an architecture may currently be too ambitious, the ability
to utilise the same component in multiple gpplications, usng DGCML descriptors that adapt
it for use in a paticular goplication, is possble Each DGCML descriptor could smply
reference the same component(s), but provide application-specific GUIs and help (see figure
6.3).
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6.7. Implications of distributed CBSD for a Commercial
implementation of RADGIS

We have covered a number of component-based software development technologies that
have shown tremendous potentid for goplication in the domain of GIS. However, there are
three aress that warrant further examination with respect to implementing a full commercid
verson of our RADGIS dient architecture, and the effective utilisstion of distributed GIS and
location-based services. These are:

?7? theability to charge for the use of distributed GIS sarvices,

?? dedgn condderdions asociaed with the ability to invoke didributed components

concurrently; and
?7? the need to increese the “intdligence’ of the user interface to cope with the

complexities arising from the addition of new services at runtime.

6.7.1. Charging Mechanisms for distributed objects

The implementation of distributed GIS tools that are invoked remotedly means a user would
no longer be required to buy, ingdl and maintan large, cosly GIS packages locdly. Instead
it would be possible for a usr to purchese individud services tha run locdly, and to “rent”
digributed services on a per usage bass.  Therefore, a number of heterogeneous pricing
modds may be used to determine the codt involved in accessing and processng geospétid
data.

The adoption of the RADGIS architecture commercidly would require the ability for GIS
savice providers to charge for the use of ther didributed services: While charging modes
for digributed software tools are not the focus of this thess, we would like to point out some
of the pertinent issues:

?? The use of a didributed tool may be charged on a per-usage fee, and/or a lookup table
of regigered users may be consulted to determine payment method, i.e it may be
possble to pay a once-off fee for usng a sarvice, or pay a per-usage fee, or a
combingtion of an initid fee plus a per-usage fee.
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?? Assuming the digtributed tool processes a particular dataset, which is not provided by
the user, the dient may be charged for the use of/access to the datasst independently
of the use of the digributed todl. Alternaivey, if the dataset is only accessble usng
that particular tool, the cost of accessing the data may be incorporated into the cost of
using the distributedtool.

?? The usr may smply be charged for the use of the software, or may dso be charged
for processing time. It may be ussful to charge the dlient different amounts depending
on the sze of the data st involved. This dso dlows qudity of service charging
mechaniams to be introduced whereby the dient may choose how quickly and/or
when to process their data, i.e. PC vs. Mainframe, and peak vs. off-pesk times.

It would dso be essentid to define what service is being provided, what cos is involved, and
what boundaries are defined for where the service darts and stops.  Additiondly, the user
may dso be given the ability to negotiate a service contract for the use of a particular tool thet
cannot change without the usar's knowledge and consent/authorisation.  For example, if a
software vendor upgrades their software, and then decides to charge more for the new
savice, the user mugt be natified of the change, but may, by law, dso have the right to retain
the use of the old verson a the origind price.

The ability to negoticie a fixed cost for invoking a paticular verson of a tool would dso
reduce the need to negotiate the use of that tool every time it is used, and would alow for
charging to be peformed transparently. This would be particularly useful for tools that are
used frequently, and that have arelatively low cost associated with them.

According to Gabrid and Wagner [2001], neither the 1SO nor the OGC define a price mode
in sufficient detall for eectronic commerce (ecommerce) agpplications. They dso bedieve
that while generd ecommerce devdopments like UDDI, Electronic Business XML
(ebXML) and RosettaNet’ are suitable for commerciakoff-the-shelf products, they do not
provide enough flexibility in their pricding mechaniams to adequatdly ded with configurable

! RosettalNet is an organisation that was set up to define and implement acommon set of
sandards for e-business, supporting business processes between supply chain partners,
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products. For a more in-depth discusson on pricing modds, pleese refer to [Gabrid and
Wagner 2001].

6.7.2. Potential parallelism issues

Coppit and Sullivan [2000] point out thet even though a program that is composed of
multiple executable components is inherently concurrent, modern components do not provide
much functiondlity for concurrency control. Therefore it is necessary to be aware of the
potentia danger of invoking distributed components concurrently.

Within the CORBA and EJB gpecifications there are different ways of communicating with
remote objects induding synchronous (invocation causes the dient to block, wating for a
result before continuing), defered synchronous (invocation returns  immediatdy  but
goplication mugt poll for the result) and asynchronous (message is sent to the locd message
queue and execution continues without waiting for a result — the result is returned to the locd
message queve triggering a calback method) requests.

The CORBA 20 specification supported only synchronous and deferred synchronous method
invocations, while CORBA 30 supports synchronous, defered  synchronous and
asynchronous messaging. The EJB 20 specification introduced message-driven beans, in
addiion to the exiging entity and sesson beans and theefore now supports both
synchronous and asynchronous communication.

If a dient application mekes use of multi-threading to invoke didributed objects or if
digributed objects methods ae invoked using deferred synchronous or  asynchronous
requests, then the implications of executing two or more toolsin pardld must be considered.

This pardldism can be used to execute two or more different GIS tools in pardld, or to
subdivide a Ingle task into many smaler subtasks, and then execute eech of these in pardld
using two or more versons of the same toal.

An example of the use of pardld processng to increase efficiency is shown in figure 6.4. In
Process A, dl components are executed in sequentid order.  Process B illudraes a
semanticaly equivdent st of operations tha will achieve the same end-result. However, in
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Process B it is possble for the GIS tools, which smply convert an ARC file to a polygon list
and a DXF file to polygon lig, to be executed in pardlel. Therefore, in Process B, the time
taken before the results can be combined is the greater of the times taken by the two GIS

tools to complete execution, i.e. the greater of Time D or Time E.

ProcessA ... ProcessB .
Source A Source B ' Source A :
e.g. ARC e.g. DXF e.g. ARC :

. Converson E + 5
Time A Tool (eg . ] :
5 . GIS process GIS rocess E
_ ::qXRCZ \/ XF e i
TimeB Combine : + Polygon List Polygon List :
Sources Vo
TimeF Combine
Results

\4
Time C _{@g} &7 GISRES&Z

Pc%ygon List -
v B
R

§ Output = ﬁ Output

Figure 6.4. Contrived Example of Process Equivalence

If the time taken to convert a DXF file to a polygon lig is the same as converting an
equivdent ARC file to a polygon ligt, and the ARC and DXF files in Process B have an equd
number of polygons, then optimidicaly, it is possble for Process B to be twice as efficient as
Process A. In addition, due to the restructuring of Process A the time taken initidly to

convert the data sources into a common data format (Time A) is removed, as this operation is

no longer required.

If one further assumes that the output of the GIS tool is a least an order of magnitude smdler
than the input, then in generd, the time taken to combine the results in Process B should be &
leest an order of megnitude smdler than the time taken to combine the inputs in Process A
Thus, the ability to restructure the way in which a process is peformed, together with the
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aoility to meke use of pardld processng, means tha Process B has the potentid to be
dramaticaly more efficient than Process A.

However, if there are dependencies between different tools, i.e. they are required to run in
Ssequential order, or modify the same data, it is imperative that a trangparent mechanism to
prevent the dient from being able to fire off these processes in pardld is implemented to
ensure data integrity.

6.7.3. Dynamic Interface Development

Our research focuses on the credtion of a runtime extensble cdlient architecture that enables
the addition of didributed savices. Dynamic component integration dlows components to
interact in ways that might not have been predicted by the origind desgners. However, this
adds additiond complexity to user interfaces that are currently too inflexible, are not adle to
change according to the user’s needs, and do not interoperate.  Therefore, in our research, we
a0 briefly explored the possibility of providing an adaptive user interface.

The implementation of an adaptive user interface would smplify the potentidly complex user
interface that might result from the addition of numerous GIS services during the lifetime of
the dient gpplication. In addition, we have implemented a basc mechanism that provides the
ability to send data ored in a GUI component of one GIS savice, to a GUI component
resding in ancther GIS sarvice without explicitly coding the relationship between them. This
is done at runtime, based on the GIS sarvices that are currently being used.

One of the gods of the RADGIS architecture was smplicity of operation. Therefore, while
we have not fully implemented or explored the implications of devdoping an adaptive
interface for the RADGIS dient, further research in the fidds of Adaptive and Inteligent
User Interfaces (see appendix D is required to ensure that the benefits of the RADGIS
architecture can be fully redlised without adding undue complexity to the user interface.
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6.8. Summary

In this chapter we have brought together the quditative results of the research that has been
presented in this dissertation. It has demondrated the benefits of using the RADGIS
architecture and discussed the design condderations and implications for object deveopers,
component integrators and the end-user.

We have dso highlighted some of the technical issues that have arisen from the research that
has been undertaken, which require further examination. The most important of these is the
regidration of services and didributed objects with catdog and regidry services s0 that they
can be easlly discovered and integrated into gpplications.

While directory and catdogue services are currently mainly concerned with the passve sdf-
regidration of objects it is not unlikdy that in the future these sarvices will be able to
activdly seek out sarvices in a manner Smilar to that of current Web search engines.  This

will facilitate the dynamic regigtration of services in up-to-date directories and catal ogues.

A number of issues arisng from use of digributed CBSD, and which require further research,
were dso rased, induding:
?? the dbility to make use of an innovative charging mechaniams,
?7? the &bility to perform pardld processing, and ded with some of the associaed risks,
and
?7? the posshility of cregting an intdligent adeptive user inteface to fadlitate the
automatic runtime customisation of the user interface.
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Chapter 7

Concluding Remarks

Vanessa: That'syou in anutshell.
Austin Powers: No, thisismein anutshdl: “Hep! I'minanutshel! How did | get
into this bloody greet big nutshell? What kind of shell has anut like this?’

Austin Powers International Man of Mystery.

This thess was motivated by the current change in paradigm of gpplication deveopment in
gened, and paticulaly within the fidd of GIS, towards a network centric gpproach that
facilitates the integration of distributed resources. The focus of our approach, therefore, was
the provison of a runtime-extensible and customisable GIS dlient architecture that provides
the user with locationtrangparent access to  independently-provided, yet interoperable,
distributed data and services.

During the course of this thess we have described some of the mgor problems with current
GIS architectures and we have highlighted the move towards a highly component-based,
digributed sdftware achitecture.  We have dso provided an indght into the research
initigtives that are currently underway to provide open standards for the implementation of
GIS savices and data formas. These Sandards are being developed to facilitate the
implementation of vendor-independent interoperable GIS sarvices, and will ensure the future
success of the distributed geoprocessing modd.
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While GIS has contributed a tremendous amount to our underganding of spatid
rationships, its grestes contribution yet may be as a number of loosdy connected
digtributed, but interoperable, services and data sources. As usars become more adept a
working with locationbased data, so they will chan sarvices together to perform more
complex tasks. In turn developers will be able to gain better indght into the requirements of
usrs in paticular domains, enabling them to focus ther efforts on providing composte
services and customised front-ends, while reusing the underlying GIS functiondity.

This find chapter brings together the work thet has been presented in this dissertation on
runtime-extensble, digributed GIS gpplications, by offering a criticd assessment of our
RADGIS dient architecture, induding its limitations. We then concdude by highlighting our
contribution towards the study of disiributed GIS applications.

7.1. Assessment of the RADGI Sclient ar chitecture

There are currently two mgor GIS architectures the traditiona GIS client and the Web
browser front-end to a Web Map/Feature Server for visudising GIS data. The latter is a very
condraned architecture that does not provide much processng functiondity, but was
developed as a mechaniam for dlowing widespread visudisation of geospatiad data across the
Web. Webbrowser based GIS applications ae limited by the GUI functiondity of Web
browsers in generd, and by the fact that basc GIS visudisation operations, induding smple
Pan and Zoom operations, require processng of daa on a saver machine, which incurs
performance pendties because large amounts of data need to be transferred across the
network. Therefore, there is a growing trend away from Webbrowser based GIS towards
sndl, cusomised dients with rich GUI functiondity that ae dble to access didributed

savices,

The two mgor problems with traditiond GIS applications are that they suffer from
application bloa, and provide very limited interoperability with software from other vendors
Thee factors have a negative impact on the overdl usability of GIS gpplications, which are
generdly congdered difficult to operate and limit the trandfer of knowledge when moving
from one GIS gpplicaion to another, because knowledge gained while usng a GIS
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goplication from one vendor cannot be directly goplied to usng a GIS gpplicaion from
another vendor due to differences in fundamenta conceptua gpproaches.

The RADGIS architecture has been shown to overcome the problem of application bloat by
dlowing gpplication deveopers to rgpidy devdop smdl, cusomised GIS gpplications for
novice usars or highly domain-specific systems for expert users. The development of smdl,
customised GIStype applications, which can be extended a runtime if necessary, increeses
the usability of the GIS goplication by reducing the number of extraneous features that are
not required to provide the badc functiondity required by novice usars in paticular
goplication domains.  The devdopment of smdler, customised GIS gpplications that are
talored to better fit the conceptud modd of a gpedfic goplicaion doman, eg.
environmentd, geologicd, municipd, dso increeses the usdbility of GIS goplicaions
However, the red power of the RADGIS architecture lies in its ability to dlow the end-user
to customise the application based on hisher requirements, a runtime. This ensures that the
cient goplication has the flexibility to withsand changing levels of expetise or user
requirements.

As the level of expertise of end users increases, the knowledge gap between novice users and
expat users increeses. It is, therefore, extremdy important to provide an extensble
architecture that can cater for usars with very different levels of competence, and their
progresson from novice to expert user. The RADGIS architecture, together with DGCML,
provides a sngle extensble dlient thet is able to accommodate the needs of both novice and
expert users through:

?? the dmplicity of its goproach with respect to adding, removing and customisng
savices.  This dlows unnecessarily complicated festures that are not immediately
required by the novice user to be left out of the initid GIS dient, while retaining the
option to add them laer (as opposed to having to obtan a different client that
provides additiona functiondity); aswell as

?? providing increesad flexibility and cugtomisdion for expert users who wish to get
more out of an gpplication than was origindly intended by the developer. The leve
of cugomisation currently afforded by mogt goplications typicdly only dlows the
enduser to make use of hult-in functiondity through soripting languages or to
cusomize the overdl look-and-fed of an application. RADGIS dlows the user to add
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and replace services within the dient application, as well as to decide on the leve of
integration of these new services with other services. This, in turn, facilitates the

devdopment of new services that the origind developer of the sysem may not have
envisaged.

In generd, the core client agpplication would have a farly smdl software footprint thet
possbly only incuded the basic Geospatid Display Services However, it could be extended
with as much functiondity as the user required, when the user required it. The adoption of a
digributed GIS architecture dso has the potentid to reduce the software footprint on the
client’s machine, because a number of the tools would be accessed remotely.

The RADGIS dient is therefore a hybrid dient, which is neither a traditiond “thin” dient
(emply a user interface), nor a “fa’ dient (user interface and dl the goplication logic).
Ingtead the dlient may be extended or trimmed down at various stages of its life, based on the
user’'s requirements. It is dso possible to load templates based on the task the user wishes to
peform, i.e. a sngle DGCML descriptor could describe a whole menu of options which,
when inddled, would provide access to a customised st of tools that are required for a
particular task.

The issue of interoperability has been addressed in this thess by the adoption of open
standards developed by the OGC and ISO/TC 211. In particular, the use of XML encoded
geospetid data, eg. usng GML, will provide a smplified method of exchanging data
between interoperable components, as well as amplify the visudisaion of data on the Web,
eg. usng SVG in agtandard XML -enabled Web browser.

The adoption of dandard interfaces when implementing components will adso dramaicdly
improve the ability to determine the subditutability and compatibility of components. The
adoption of a dngle open dandard, such as OpenGIS, will mean tha any future components
devdoped according to this dandard would be interoperable with exising components,
irrespective of who implemented them.

Another mgor problem with GIS gpplications, which rdates to both traditiond and Web
browser based dlient architectures, is the inability to provide location trangparent access to
distributed geospatid services. The RADGIS architecture makes use of DGCML  descriptor
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files which specify the use of locd and/or didributed objects, to implement GIS services
The user is able to invoke these GIS sarvices in the same manner regardiess of whether they
meke use of locd objects or remote objects, providing a high levd of locaion trangparency.
While there may be some noticesble peformance bendfits from the ability to explicitly
goecify the best location for processng to occur, this option would generdly only be mede
avalable to the expert user.

There is currently much research into didributed GIS (see figure 7.1) [Alameh 2001].
However, the RADGIS architecture improves on current models by providing a runtime
extensible disributed-GIS client, based on OpenGIS® sandards  This dient is essly
extended through the addition of interoperable GIS services thet are developed and deployed
usng DGCML. The DGCML descriptor files are straightforward to edit and alow the user
or component integrator to customise GIS sarvices. These changes do not require the
RADGIS client to be restarted, but take effect the next time the tool is chosen from the menu
options, providing runtime extengiility.

&)

Static Client
All remote services
are known about at
compiletime

Geodata

RADGIS Client

Some remote services are
known about at compile
time, othersare

discovered at runtime

RADGIS Client

All remote services are
discovered at runtime

Figure 7.1. Exampleof adistributed GIS architecture
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Our research focused primarily on the ability to add GIS services implemented as locd
classes that execute locdly, or as digtributed CORBA objects and EJBs, to an application a
runtime. One of RADGIS's drengths is the ability of the client application to access remote
objects a runtime for which no compile-time knowledge exiss i.e the dient application
does not have access to the stubs for the remote objects. In this case one must assume that
the dient may have very little knowledge, if any, of how the methods of that object are to be
invoked n order to provide the particular service required by the user, and whether or not the
sarvice requires its own Graphical User Interface (GUI).

We have looked at the implications this has on the design of the RADGIS dlient application
and the didributed objects used to implement the GIS sarvicess We have dso shown thd,
while it is not practicd to creste an entire gpplication & runtime, the benefits of being able to
talor an gpplication a runtime, or to add functiondity provided by different software vendors
is both gppedling and feesble

The use of a didributed GIS modd, as implemented in our RADGIS gpplication, means that
one can delegae a paticular task to a platform or location thet best fits the task a hand,
based on processng and daa reguirements. Therefore, dthough particular optimisations will
have to be user driven, as opposed to being location trangparent, it will be possble for more
than one implementaion of a paticular tool to be invoked. Such optimisaions will, for
example, depend on where the data source is locaied, or what type of operation is being
performed, i.e. it may be more cost effective to trander the data set to a more powerful
meachine for processing, than process the data locdly.

Apat from the potentid performance benefits to be derived from processng data on faster
mechines, or udng the ability to peform padld processng, the implementation of a
digributed GIS architecture composed of interoperable components adso  provides
accesshility to different vendors implementations of a paticular GIS sarvice.  This dlows
the gpplication developer or enduser to choose a paticular implementation based on the
agorithms used, as wel as factors such as whether or not the vendor supports dynamic
upgrading, licenang redrictions, pricing modds, and possbly even guarantess of Qudity of
Service in terms of speed or accuracy with which the dgorithm is executed. It is dso worth
noting that some users may be willing to accept reduced efficiency, as a result of executing a
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GIS savice remotely, when offset agang benefits such as reducing the totd cost of
ownership of GIS software, or diminating the need to store, update and maintain loca copies
of geospatid data

The &bility to meke use of the RADGIS architecture to creste a client-Sde framework in
which one could combine location services to creste more sophidticated tools as wdl as
dlowing further processng of the resllts obtaned from invoking a paticular locetion
sarvice, shows the tremendaus flexibility of the RADGIS architecture. RADGIS is, in effect,
a geneic dient architecture that is able to parse DGCML descriptors a runtime and, using
Reflection, generate the GUI necessary to execute GIS services, locaion services or any
other type of service described by avaid DGCML descriptor.

Therefore, we conclude that the origind research objective dated in chapter 1, i.e “To

develop a runtime extensible, highly-customisable, distributedcomponent based GIS
and L ocation-based Service clients’, has been achieved.

7.1.1. Limitations of the resear ch undertaken

Didributed GIS is an extremdy broad fied, which encompasses many different topics, and
mekes use of many different technologies, operating on a number of diverse platforms.
However, due to limited time and resources, it was necessary to focus the research on specific
isues. Therefore the following unresolved issues are conddered outdde the scope of the

research that was undertaken:

?? A complete GIS gpplication is an extremdy complex sysem comprisng many
diverse functions. The RADGIS architecture, however, was implemented as a proof
of concept system, comprising a generic framework and very specific tools that were
developed to illustrate specific concepts. The RADGIS dlient is herefore not a fully-
functional commercid GIS gpplication.

?? Becaue the RADGIS dient is not a complete GIS gpplication, and we did not
implement a wide range of tools for use with the dient, it was not possble to test the
RADGIS client under heavy load or perform meaningful usability Sudies.

?? The core of the RADGIS architecture, which dlows the addition of GIS sarvices to
the dient goplication a runtime, developed and deployed usng DGCML, has been
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implemented and test as a whole. However, some o the components that facilitate
the visudisation of geospaid daa in formas other than VRML had to be tested
separatdy, because the implementation of certan “bridging” components are not
currently avalable, and certain gandards have not been findised. For example, while
we have highlighted the benefits of usng GML &as a Sandardized data format for
tranderring geospatia data, we have not made use of it in the implementation of our
RADGIS dient. This is due to our focus on the visudization of 3D data, which is not
currently supported in GML 2.0.

?? Although the specification of the DGCML meta-language using a DTD does not limit
our RADGIS architecture, we acknowledge the potentia benefits to be gained from
converting it to an XML Schemarbased specification.

?? We have not implemented, or made use of, a geoprocessng registry sarvice for
regigering and discovering GIS services that have been implemented and deployed
using DGCML.

?? We have not implemented mechanisms to ded with chaging, transaction
management, or security when dedling with distributed objects.

During our ressarch we have identified two utilities tha would be extremdy useful for
working with the DGCML meta-language, but which have remained unimplemented because
they are not essentid to the research that we have undertaken. They are:

?? a dmple GUI editor that would dlow the user to creste GUIs by dragging and
dropping Java Swing components and then generate the equivdent DGCML
description of the GUI. It would dso dlow the user to load exising DGCML GUI
descriptions and modify them, thus smplifying the editing of DGCML descriptor
files.

?? a code generation tool that alows a user to generate Java code from a DGCML
descriptor, rather than interpreting the DGCML descriptor and then having to perform
Reflection a runtime. Such a utility could be used to optimise the execution of
frequently-used GI S services.

While we have not used the Smple Object Access Protocol (SOAP) or XML Remote

Procedure Cdl (XML-RPC) to implement method-calls on remote objects, we acknowledge
the tremendous impect these technologies are having on the implementation of digtributed
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goplications on the Web, and believe tha the RADGIS dient could essly be adgpted to make
ue of these technologies.  There is currently tremendous industry impetus behind the
devdopment of Web services, implemented using technologies such as the SOAP, Web
Sarvices Description  Language (WSDL) and Universd  Description, Discovery, and
Integration (UDDI). There are aso a number of research projects within the field of GIS that
are dating to look a the benefits that can be derived from using such technologies and Web
Service-based architectures.

7.2. Thesiscontributions

Having summarised the findings of this thess it is now possble to explictly highlight the
contributions that our work makes to the fidds of GIS and digtributed component-based
software development.  Therefore, the following points are offered as the mgor contributions
thet have been presented in this thesis:

?? A thorough literature survey of current date-of-the-art GIS research and software
achitectures, induding locationbased sarvices. In particular we have focussed on
ressarch underteken by lage dandardisation bodies, such as the Open GIS
Consortium, in the interests of promoating interoperability based on open sandards.

?? In the devdopment of our RADGIS architecture, we have highlighted the vaue of
usng XML as a transfer format for geospetial data (i.e. GML and X3D), and as a
wiring language for combining (distributed) components to implement GIS services,
in the evalution of GIS applications.

?? We have highlighted the current satus and problems surrounding the visudisgtion of
3D geospatid data usng GML, VRML, GeoVRML and X3D, as our RADGIS
goplication ams to kegp pace with devdopments in the fidld of 3D geopatid
visudisation.

?? The devdopment of a nove GIS dient architecture, cdled RADGIS, which was
designed to overcome the problems identified with current GIS agpplications It
ability to dlow the user to customise the GIS dient a runtime, provides an extensble
architecture that facilitates a high leve of customisation, and dlows the user to work
with distributed geospatid data and services in alocation-trangparent manner.
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?? The devdopment of a markup language, cdled DGCML to facilitate the development
and deployment of GIS sarvices that can be integrated into the RADGIS dlient a
runtime, including the ability to specify the GUI required by a GIS sarvice as wel as
links to the necessary help files.

?? We have highlighted the implications of employing a digributed CBSD gpproach to
devdoping dient goplications, as utilised in our RADGIS gpplication, in order to
draw attention to the need for further research on:

0 digributed component-based charging mechanisms,

0 the need to ded with issues of concurrency arisng from the use of didributed
components; and

o0 the ability to dynamicdly cusomise the user interface based on the types of
tools thet are available for processing the geospatia data

The contributions of this thess extend beyond didtributed GIS architectures, and can be
goplied in the broader context of Web/didributed programming. They dso takes
cognisance of the changing trend in Web-based application devdopment towards the
implementation of didributed Web Sarvices and “inteligent” clients, which is currently
being redised through the development of Microsoft's .NET and Sun's Open Net
Environment (Sun ONE) technologies.  The increesing importance of being able to
combine interoperadble Web sarvices, based on open dandards, to faclitate the
development and cugomisation of specidised dient gpplications, sgnds a move away
from the Web-browser as the dient for Internet gpplications, towards more “inteligent”
dients
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Appendix A —Mobile Agents

GIS gpplications are resource intensive by nature, i.e.:

?7? GIS daasats condst of megabytes, possibly even terabytes of spatid and attribute data,
necesstating the introduction of hardware-based data compresson for  storage
optimisation.

?7? GIS goplications are computationdly intensve due to the use of transcendenta functions,
complex transformations in map projection and high-level grgphics rendering.

?7? GIS gpplications require large-bandwidths between GIS users over Intranets and the

Internet.

While ragpid advances are being made in creating faster processors and secondary storege
devices that have grester dorage cgpacities, it is ultimady the legacy Internet networking
dructure that will create the bottleneck to high-bandwidth multimedia gpplications.  This is
paticularly true of resource intendve GIS gpplicaions that require large spatiotempora
datasts to be trandferred across the rdaively limited bandwidth of much of the Internet
(especidly within Satth Africa). Thus, devdoping a didributed spatiotempord GIS for use
over the Internet provides condant chdlenges for optimisaion, and necesstaes a flexible
architecture.

During the course of our research into distributed GIS architectures, we therefore dso briefly
looked a the use of Mobile Agents as a method for reducing Internet traffic. This gppendix
details some background materid with respect to Mobile Agents, as wel as some of the
resserch tha we undetook when invedtigating the integraion of Mobile Agents into our
Proof of Concept system.

One paticularly ussful scenario for which the use of Mobile Agents shows greast promise, is
for operations that require one to download a large data st in order to perform a reatively
smple opeation which returns a result that is generdly an order of magnitude smdler then
the data set. In such a scenario, it would be more efficient to transfer and execute the code
necessary to perform the operation on the machine on which the data set resides (or possbly
same intrangt), rather than transferring the data set across the Internet, to the meachine that

was to perform the processing.
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Background

Agents should be reective, autonomous, god-oriented and tempordly continuous, i.e. agents
should be cottinuoudy running processes that exercise control over their actions and are able
to respond proactively to changes in the environment in order to achieve a particular god.
Agents can be dassfied according to the role they fulfil, for example differert types of agent
may exhibit communicative, learning, mobile, flexible and/or character qudities [Franklin
and Graesser 1996).

Conde [1998] agues that the traditiond didributed object paradigm is “a synchronous
message-passing paradigm whereby dl objects are didributed, but detionary, and interact
with each other through message-passing”’. Even though the use of Javds Reflection
mechanism for dynamicdly invoking EBs and CORBA's dynamic fadlities, including
Dynamic Invocatiion Interface (DIl), and the Interface Repostory, dlow the credtion of
extremey flexible sysems that dlow runtime discovery and late-binding [Orfdi and Harkley
1998], the objects themsdves are il sationary.

While research into the use of agents is not new, according to Kurki [1998], mohile agents,
i.e. agents that are able to migrate from one machine to another in a heterogeneous network,
are an emerging technology that is attracting more and more interest from digtributed systems
rescarchers. Mobile agents are able to initiate thar transfer to a different host and migrate the
code, daia and, in a system that supports srong migration, the execution dae 0 tha it can
continue execution from where it sopped before the transfer.

In addition to mobility, agents aso exhibit the following characterigics [Conde 199§
[Millman 1998]:
?? Asynchronous a mobile agent can execute asynchronoudy as it has its own threed of
execution.
?? Discrete:  a mobile agat is invisble to the usr and the system, providing location
transparency.
?? Flexibility: a mobile agent can adapt to changing circumstances, eg. it is ale to work
around broken links and downed servers. I the network connection is broken, and the
agent needs to move, it can Smply wait until the connection is restored.
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?? Local interaction: a mobile agent generdly moves to ancther location to interact with
other mobile agents or Sationary objects locdly, rather than using remote message
passing.

?? Object-passing: when a mobile agent moves, the whole object is passed, induding its
code, execution State, data, and travel itinerary.

?? Perdstence: a mobile agent is autonomous and sdf-sudaning, i.e it contans
sufficient information to decide what to do, where to go, and when to go.

?? Parallel execution: it is possble to subdivide a task so that multiple agents can be
digpatched to different dtes to peform these sub-tasks in pardld, or even to peform
multipletasksin pardld.

?? Secure: when a mobile agent arives & a hod, it is subjected to the security
resrictions of the context, a gateway between agents visting the host and the hodt's
resources, tha provides an agent sandbox [Agosta 1998]. This ensures that mobile
agents are resdant to interception and tampering, and that agents may only access
particular resources subject to verification, e.g. digital Sgnatures.

According to Conde [1998], there are many technicd advantages of mobile agents, and there
isno sngle dterndtive to dl of the functiondity they provide.

The Object Management Group (OMG) is currently working on the specification of an agent
framework to support agent mobility via Mobile Agent System Interoperability Facilities
Specification (MASIF) on top of the Common Object Request Broker Architecture
(CORBA). GmbH Informations - und Kommunikationsechnologie [IKV++ 1998], ae
resserching emerging telecommunications technologies such as the Tdecommunications
Information Networking Architecture (TINA), and have developed Grasshopper, which they
dam to be the fird mobile agent envirorment that is compliant to the OMG MASIF
Sandard.

The use of Mobile Agentsin GI S applications

A potentid solution for reducing the high demands mede on Internet bandwidth may lie in
processng more information on the server sSde, to reduce the amount of extraneous data that
is downloaded across the Internet to the dient. This optimisation technique has tremendous
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potentid in Web-based GIS gpplications because GIS data sets are often extremely large, and
the user is only interested in a sndl subsat of this information. Thus, if it is possble to
process and refine the data required by the user on the sarver side, it could reduce the overdl
I nternet bandwidth requirements.

Our research investigated means to reduce dient-Sde setup and the demands for dient-Sde
processng power by didributing the servicesGIS tools so as run on the most appropriate
machine, eg. on the same machine as the daasst, or a machine more agppropriate to do
intensve "number crunching'.

Our gpproach identifies two mgor uses of mobile agents to reduce the amount of Internet
bandwidth required by a user of a Webbbased spatiotempora GIS. The fird is to move an
agent to a server machine to perform a task on a data set stored on the server, and the second
is to dlow GIS tools to be moved to the dient machine to execute locdly. This is in contrast
to the current CORBA paradigm where one would obtain an object reference to a GIS tool
implemented as a remote object.

Spatiotemporal GISWeb Server

¥ Q\ B @) ORB with Naming
i z557 7% ORB =25 ORB and/or Trading Service
‘WithGIS WithGIS & |ORs and Properties for:
Tool_X: Tool_X: GISTool_X: Prop A
Properties B Properties A GISTool_X: Prop B
A GISTool_Y: PropC :
A :
) /‘_- )\‘\\_\ P N T TR TR T
(Y
_@ T3 Client
e By :
& . - A
_ ORB with ; O iéaam\
Mobile GISTool_Y: R ((L.—--/ =}
Agent PropertiesC B | o %\5\
GIS Tool_X: ¢ = >
Properties B :
dispatches
Mobile Agent :
to the agent-enabled machine on the same Distributed
Intranet as the spatiotemporal database Spatiotempor al

and then queries the database using JDBC Databases

Figure A.1. Example of component interaction using a M obile Agent
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Figure A.1 shows the interaction of CORBA ORBs and Mobile Agents in our "Proof of
Concept” Web-based spatiotempord GIS.  In particular it illustrates how the cdient can use
the CORBA Naming and/or Trader Services to dynamicdly discover and invoke didributed
GIS tools Should one of these tools be implemented as a mobile agent, it is then dso
possble to dispaich the agent to a paticular machine in order to perform the processng
"locdly" on tha meachine This is done either to achieve pardld processing or to perform the
processing of a dataset on the same machine as the datasst, or another agent-enabled machine

on the same Intranet as the dataset, S0 as to minimise Internet bandwidth requirements.

3 - Tell agent to move to client machine
running Voyager ORB, in order to do
local “client-side” processing, e.g. “bounding-
Voyager . box" selection using a sphere Voyager

ORB > ORB

2—-Get IOR for

GIStool and then

lookup IOR to get

an Object Reference

1-Bind
agent (GIStool) to
Voyager ORB and write IOR

to fileon aweb server or register
object with a Naming/Trading Service

s N\ ( = J“ ¥

GIStool provider Client

Figure A.2. Using Agentsfor “client-side” processing

Figure A.2 and figure A.3 show smplified examples of moving mobile agents to different
machines in order to achieve different tasks, i.e. figure A.2 illustrates the moving of an agent
to the client machine in order to peform locd processing, while figure A.3 illudrates the
moving of an agent to the machine on which the spatiotempord dataset resdes in order to
perform "loca" processing on the dataset.
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It should be noted that the posshbility exists for mobile agents to be used to process/collect
data from multiple sources.  Therefore, agents may travel to more than one machine in order
to peform a specified task and then collate the results before returning home to ddiver the
find output.

Voyager | 3-Tell agent to moveto Server
ORB machine running Voyager ORB,
in order to do “server-side”

processing, e.g. dataset manipulations/
\\\. . .
@ transformations, complex queries or
—7/;‘ multimedia data streaming, etc.

Voyager Database Server
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1—-Bind GIStool and then ORB

lookup IOR to get

ent (GIStool) to
agent ( ) an Object Reference

Voyager ORB and write IOR

L A=A\
to file on aweb server or register f \J\]
= object with a Naming/Trading Service ,'-L_'-_.t)/{sg'\
i@ =
g e ; .
= Client

GIStool provider

Figure A.3. Using Agentsfor “serverside” processing

According to the Voyager ORB Developer Guide [ObjectSpace Inc. 1998], one can expect a
performance benefit of between 1 000 and 100 000 times when usng locad messaging as
opposed to remote messaging.  However, according to [Kurki 1998], even if the performance
benefits become negligible due to the communication overhead of trandfering the agent
being comparable to the overhead of trandering the data set across the network, it is ill
useful to have the code closer to the data

The use of mobile agents can dso improve fault tolerance or flexibility. For example when

an agent reaches its dedtinaion, should the network go down, it can wait for the network to

159



come up agan and then send the resultmove to its next destingtion. Thus any lengthy
process that may be interrupted due to the network going down, and would have to be
resumed a a laer stage could be better implemented using as agents to quickly traverse the
network, as there isless chance of the network failing over a short period.

The ided solution would, therefore, be a mix of dationary and mobile code that provided a
snge unifoom paadign for didgributed object computing, induding synchrony and
asynchrony, message-pasing and object-passing, for dationay objects and mobile objects
within the framework of aweb-based spatiotempord Geographic Information System (GIS).
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Appendix B - VRML Optimisations

VRML provides a number of mechanisms to increase downloading and rendering speed, such
as proper decompodtion of a scene, inlining, and dreaming certain multimedia and  graphics
dements.  In terms of efficiency, usng compresson schemes (such as gzip, binary format or
geometry compresson) or indancing (reusng parts of your scene, textures and multimedia
elements) VRML can produce images three times smdller than GIFs. [Gorman 1997]

When discussng VRML optimisations, one must draw a didtinction between optimising the
time taken to download a virtud world (optimising bandwidth), and optimising the rendering
of that virtud world.

Rendering Optimisations

It is important to identify where the bottlenecks for rendering a scene ae, i.e. if the scene is
co-ordinate (vertex) bound, texture-bound, or pixd-bound [Nadeau e d. 1996] [Slicon
Graphics 1993].

Download
Decompress
Parse Modify World: Transform
Run scripts Lighting
Run Interpolators
} Geometry
Pipeline
} Rasterization
Pipeline
=
= Send Pixels Depth Buffer
todisplay Fill polygons
Texture polygons

FigureB.1. VRML Rendering Pipeline[Silicon Graphics 1998]
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Co-ordinate-bound

A scene is coordingte-bound if the computations involving coordinates ae limiting
the speed of the pipdine. Coordinates, and their associaed texture coordinates and
colours, are usd in dl pipdine dages. Therefore it is very important to try to avoid
|letting the scene become co-ordinete-bound.

Pixelbound
The scene is pixe-bound if the computations needed fill triangles udng triangle

colours and textures in the Ragterize stage are limiting the pipeine speed.

Texture-bound
The scene is texturebound if computations necessary to access textures in the
Radterize stage are limiting the performance of the pipdine

It is dso possble for the peformance bottlenecks associated with rendering a particular
scene to hift as the viewer moves through that scene.  Congder, for indance, a dealed
terrain on a virtud planet. When the planet is a disant dot, far from the viewer, the number
of pixels drawn for the planet's geometry is very low, but the number of co-ordinates used to
build that geometry is high. From such a digant vantage point, the planet will cause the
rendering pipeine to be co-ordinae-bound. However, as the viewer moves closer, the
planet's image on the screen grows in Sze, causng more pixds for the detailed terrain of the
planet to be drawn, and the pipeine may become pixe-bound.

The tremendous range of viewing freedom offered to viewers of VRML worlds makes it
difficult for VRML world authors to optimise ther worlds 0 that they draw quickly
regardiess of the viewer's vantage point. Insteed, VRML world authors drive to optimise for
typicd viewing Studions. For ingance, if the viewer is expected to wak from room to room
in a virtud building, then the world's content can be optimised for this path. If the viewer
unexpectedly dives through a wal and hovers in mid-ar outsde the building, drawing speed
may decrease for thisaypica vantage point.
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Compression
The VRML 10 specification focuses on the specification of 3D grgphics objects, while

paying little atention to minimisng download time. For example, the VRML files mugt be in
ASCII| format, which wastes bandwidth.

A number of current VRML browser plug-ins now support the downloading of gzipped world
files The use of gzip compresses the ASCII files, saving bandwidth and decressing the
download time. Should the plugrin be dble to interpret the gzipped file rather than unzipping
it fir, it may dso be feesble that the parang time is decreased which ultimatdy leads to a
decrease in the time taken to draw the sceneinitidly.

According to Leung, they have been unable to find a browser implementation that can accept
compressed VRML from a CGI program within a WWWiInline node (see InLine beow).
When usng a CGI program to creeste VRML data on the fly, this becomes a mgor drawback
as it leads to long delays in the presentation of the data These ddlays are due to both the CGl
activation (latency) and the transmisson ddays (bandwidth) associated with the larger data
Sze of the uncompressed VRML file.

Although compresson of the ASCII files usng gzip is supported, a compressed binary format
would require far fewer bytes, and is an important condderation for accessing very large daa
models over the Web [Leung 1998].

Inline

The WWWiInline node may be used for reducing the file sze of a virtud world by dlowing
one to define a bounding box for the file it references. If the user never actually sees the
bounding box (because of culling, or for any other reason), the inlined file might never be
downloaded, which ultimady trandaes into a saving in bandwidth. The process of
decomposing a scene into objects that can be inlined requires careful thought and planning,
but the savings in bandwidth requirements and trander time meke it worth the additiond
effort [Matsuba and Roehl 1996].
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Inlining dso facilitates the re-use of objects if they are stored separately, as opposed to dl
being placed in one file, i.e the same object (dtored by itsdf) can be incorporaied into more
than one “virtud world” usng the WWWInline node.

USE and DEF

The DEF keyword dlows one to provide a node with a name that may be referenced later in
the same file with USE or ROUTE dsatements. Instead of cregting a copy of the node, the
USE datement inserts the same node into the scene graph a second/third/etc. time, resulting
in the node having multiple parents[VRML97].

Ingancing (or the reuse of objects) is useful for traditiond GIS because if symbols are usad to
represent features in a coverage, one can ingance 3D symbols and then reuse them to save
space and reduce processing overheads. However, this only works if you @n find a generic
symbol and are not too concerned about the actud dimensions of the object it is representing.
For example you could use 3 different generic tree symbols to "represent” a foret. There are
many objects in everyday use that ae dmilar and can be defined once and used where
needed. Thus, depending on the GIS goplication, the required Leved of Detal (LOD), and the
required accuracy of representation, a consderable saving in space and processing could be
obtained by defining generic symbols and re-using them in the scene.

Shapehints

If you know tha dl the faces in an object have condgdent vertex ordering, and/or that the
shape only has an "outdde' (i.e, the indde surfaces are not visble) then the ShapeHints
node should be used to inform the browser of that information. This dlows the rendering
engine to avoid lighting surfaces that wont be seen, and possbly do backface culling. The
result is a noticeable performance improvement [Matsuba and Roehl 1996].
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Bounding boxes

Informetion about the Sze and location of the bounding box is used by the browser to decide
if a WWWiInline node is vigble In this way, it is possble that should the user never do a
360-degree turn, pat of the scene need never be downloaded. Méaking "deve” use of
bounding boxes is paticulaly useful for decreesng the amount of data that needs to be
downloaded initidly, and may result in savings of bandwidth should the user never get dose
enough, or look in the direction of the object represented by the bounding box.

L evel of Detail (LOD)

An important festure of VRML, which increases the speed of visudisation, is based on using
svead different representations for a sngle object, i.e. VRML implements a mechanism to
support level of detal (LOD) management. The level of detal defines how the object
gopears on display with respect of viewing distance. It means that the rendering software
subdtitutes one modd with less or more detall as user goes through the scene.  Furthermore,
objects can be defined asinvisble from certain distance.

Note, that the number of faces in each scene with severa LODs is higher than in a single-
levd scene destription. Thus, a higher speed of interactive waking-through virtud worlds is
achieved by increesng the amount of daia Although this last Statement sounds confusing, it
is correct.  When usng LOD, one increases the amount of data for that scene (multiple
representations for the same object). However, a the same time, by alowing the browser to
render objects a a lower LOD, one obtains an increase in peformance. Thus, there is a
trade-off between downloading additiond LODs for a paticular object, i.e incressed
bandwidth, and increasing the rendering performance.

One can dday trandferring the inlined file until the usr gets dose enough to see it, by placing

a WAN nl i ne daement indde a LOD node. One can even have multiple versons of an
object a different levels of detail, and only transfer them as needed. Thus, the LOD node can
be used to increase the power and efficiency of the Inline node. [Matsuba and Roehl 1996]
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Progressive LOD

As an dternative to usng VRML's built-in LOD, one can implement on€s own LOD
handling. This is useful if, for example one wishes to implement a progressve LOD
mechanism. Progressve LOD means that even if the user needs to view the next LOD, the
whole object does not get downloaded again, only those parts that are different to the current
LOD. This is gdmilar in concept to video compresson, where only the changes between two

frames are sored/transmitted.
Progressive LOD
Bounding Box /\\
(house)
- /\ H H
|_| Walls Roof H

I\

Windows Doors

/N

Window Panes Door Handle Tin/Tiled

FigureB.2. Progressive LOD

Thus, there are two methods for implementing LOD:

?? Using VRML’s LOD node Redrawing of objects a varying LODs or specifying urls
for eech LOD. Each method ends up downloading the same base information each
time,

?? Usng VRML’'s  createVRMLFromString/createV RMLFromURL: Specifying
additiond objects to be added to the origind object in the scene grgph as the LOD
increases.  This method decreases the bandwidth implications because only the

166



changes need to be downloaded each time and not the entire object. It may dso be
less processor intensve because one is adding and removing portions of an object a
different LODs as opposed to removing whole objects and then adding new objects.
Thisis an issue that ill needs investigation.

Linear interpolation

All VRML 20 interpolator nodes use linear interpolatiion to compute intermediste vaues
between the key vaues you provide. A linear interpolator computes an intermediate pogtion
or orientation eech time an output is needed. Any number of intermediate vaues can be
computed between your key positions and orientetions.

The use of interpolaion is especidly important when playing an animation a different
peeds. For a quick animation, one's VRML browser may only have time to draw the world a
few times between the time the animation starts and the time it stops. In this case, ones
browser may only need to linearly interpolate vaues a a few fractiond times between the
key fractiond times provided.

For a dow animation, ones VRML browser may have the time to draw the world many times
and may need a large number of interpolated podtions or orientations. In this case, ones
browser may interpolate values at many fractiond times between key fractiond times.

Usng keyframe animaion and linear interpolation, one can describe an animation

independent of the playback speed of the animation. During playback, an agppropriate
number of intermediate vaues are computed automaticaly.
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Appendix C — GeoVRML Nodes

The following nodes are pat of the GeoVRML 1.0 Recommended Practice document that
has been submitted to ISO for incluson as an amendment to the ISO VRML97 standard
[Reddy et al. 2000b] [Reddy et al. 2000c]:

?? The GeoElevationGrid node - dlows one to take the curvature of the earth into
condderation when moddling large extents It provides a heght fidd
representation for geospatid devaion data, offset from an dlipsoid modd of the
plangt, in a number of geographic coordinate sysems such as geodetic (latitude/
longitude) and Universd Transverse Mercator (UTM). In contrast, VRML'’s
ElevationGrid node vaues are offset from a sngle flat plane [VRML97], and it is
therefore unsuitable for representing geospatiad data where the curvature of the
earth needs to be taken into account.

?? The GeoCoordinate node - lets a moddler specify coordinates using
geographic coordinate systems (eg. geodetic, UTM) directly within a VRML file,
as opposed to having to convert them to Cartesian coordinates firgt.  This is useful
for inserting output from devices such as GPS units, which normdly output a
location as a lditudellongitude coordinate, draight into VRML files  The
GeoCoordinate node trangparently converts the data into a Cartesan frame, and
correctly postions the coordinates in the globa modd.

?? The GeolLocation node — dlows the user to georeference an arbitrary VRML
model, i.e. establish the rdationship between the coordinates of the VRML modd
with a spedific point on the eath. It dso orients the mode correctly, depending
upon its postion on the earth, to ensure that a modd built usng the standard
VRML right-handed coordinate sysem will have its base correctly digned with
the surface of the earth.

?? The GeoOrigin node - As previoudy mentioned, VRML uses single-precison
(382-bit  floating-point numbers) to modd and render dl geometry [VRML97].
However this precison is not enough to accuratdy display geographic data a high
reolutions.  Thus one of the reguirements for moddling geographic (eg.,
geocentric) coordinates beyond a resolution of 10-100 m is the use of a lesst
double-precison (64-bit floating-point numbers). The GeoOrigin  node endbles
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the accurate rendering of double-precison geogrgphic coordinates by defining an
absolute geographic origin (or GeoOrigin) in doudle-precison, and then for dl
double-precison geographic coordinates, the difference between each coordinate
and the GeoOrigin is taken. The reault is a sngle-precison offset that can be
used for accurate rendering of that object. All GeoVRML nodes that ded with
coordinates, eg. GeoElevationGrid, GeoCoordinate, and GeolLocation,
support the use of the GeoOrigin node.

?? The GeoLOD (formerly QuadLOD) node - provides the &bility to browse multi-
resolution, tiled terran data, which is essentid for memory management and
scdability operaions when browsing massive terrain datassts (eg. Teravison |l
[Reddy et al. 1999b]. It automaticaly manages the progressive loading of higher-
resolution data as the user gpproaches the terain, and adso unloads terrain daa
once the user has moved past.

?? The Geolnline node - is a grouping node thet is used to decide when its children
should be read from a location on the web. This is done dther immediatdy when
the node is fird loaded, or a a laer dtage when for example, a VRML
ProximitySensor triggers the required event.

In addition to these nodes GeoVRML 10 dso indudes the GeoPositionInterpolator
node to peform animations usng geogrgphic coordinates, the GeoTouchSensor node to
return the geogrgphic location a the current (mouse) pointer podtion, the GeoViewpoint
node to specify a camera location in geogrgphic coordinates, and the GeoMetadata node to
provide a summary and links to full metadata descriptions of the geographic data [Reddy et
al. 2000b]. For more informaion on the GeoVRML nodes please refer to

http://mwww.geovrml.org.
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Appendix D - Dynamic I nterface

Development

According to Dey e d. [1997b], dynamic component integration shows the most promise for
context-aware computing, which requires an infrastructure that permits intdligent mediation
between software components.  An example of such a system that has been developed is
Cyberdesk [Dey e d. 1997b]. Cyberdek is an adaptive interface that modifies the list of
avalable tools a runtime, based on the user's current activity, usng a dynamic mapping of

user actions to possible user actions.

In order to illudrate the benefits and vdidity of such an agpproach, this appendix provides
some background on adaptive and intelligent interfaces in order to make the reeder aware of
some of the research that has been performed in these fidds. Much of this research was
peformed based on daic, non-didributed applications, and thus the goplication of this
research to the runtime extensble didributed agpplications involves additiond complexity thet
must be taken into consideration.

Adaptive interfaces are a way of reducing the complexity of an application with respect to its
usability [Browne et al. 1990] [Shneide-Hufschmidt et d. 1993]. Thus, research into
adgptive and intdligent interfaces explores the following basc <software usability issues
[Encarnagéo 1997:

?? Smplification of the design and implementation of “good” user interfaces,

?? The clearer and more efficient presentation of information,

?? Smplification of the interaction between the dient and the gpplication, and

?? The creation of interfaces that provide better support for ausers particular tasks.

On the other hand, intdligent user interfaces automaticaly adapt to the needs of different
users, learn new concepts and techniques, anticipate the needs of usars, accommodate the
changing needs of users over time (for example, as the user's leve of expertise progresses
from novice to expet), teke initiaive and meke suggedions to users, and provide
explanations of their actions [Maesand Lieberman, current].
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Resarch into adgptive and intdligent user interfaces aso incorporates research from a
number of other fidds particulaly the use of agents and atificid intdligence.  Figure D.1
illustrates the rdaionship between adaptive and intdligent user interfaces as well as number
of sub-discples.
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FigureD.1. Componentsof intelligent and adaptive user inter faces[Encar nagdo 1997]

The man benefits to be derived from these approaches are the samplification of the user
interface, and customise the gpplication based on the user's leve of expertise and processng
requirements. For example, an experienced user may be aware of his or her levd of
expetise and request full menus and brief prompts, whereas a novice may request short
menus and lengthy prompts [Sukaviriya and Foley 1993) .

More intdligent interfaces may dso infer information about the user’'s leve of expertise and
customise the gpplication based on how the user works with the gpplication, and which tasks
the user makes use of mogt frequently. This could be edremdy useful for cusomising the
GIS dient based on the user's most frequently performed task, eg. data capturing
(digitigng), or andlysis, or presentation.
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Appendix E —DGCML listing of a location

service for finding restaurants

<?xml version="1.0" encoding="UTF8"?>
<IDOCTYPE GISService SYSTEM "file://localhost/C:/describeService.dtd" >
<GISService name="Restaurant Location Service" vendor="RUDevGroup" version="2.0.2">
<CodeBase url="iiop://localhost:900/RestaurantLocService" />
<GUI>
<Component name="MainFrame" type="Frame">
<Property name="title" value="Restaurant Location Service"/>
<Component name="ResultPanel" type="Panel" position="Center">
<Property name="layout" value="java.awt.BorderLayout"/>
<Component name="RLSResultsScrollPane" type="ScrollPane" position="Center" >
<MethodCall ReturnValueDest="_tmpBorder2"
ReturnType="javax.swing.border.Border"
name="javax.swing.BorderFactory.createTitledBorder">
<Param DataType="java.lang.String" Source="Restaurant Information"/>
</MethodCall>
<Property name="border" value="_tmpBorder2" />
<MethodCall ReturnValueDest="_tableModel"
ReturnType="RemoteResultSetTableModel" hame="constructor">
<Param DataType="java.lang.Integer.TYPE" Source="4"/>
<Param DataType="java.lang.Integer. TYPE" Source="3" />
</MethodCall>
<Component name="SQLResults" type="Table" position="Center" >
<Property name="model" value="_tableModel" />
</Component>
</Component>
</Component>
<Component name="InputPanel" type="Panel" position="North">
<Property name="layout" value="java.awt.BorderLayout"/>
<Component hame="UserLocation" type="TextField" position="North">
<Property name="text" value="X-coordinate, Y-coordinate"/>
<MethodCall ReturnValueDest="_tmpBorderl"
ReturnType="javax.swing.border.Border"
name="javax.swing.BorderFactory.createTitledBorder">
<Param DataType="java.lang.String" Source="Enter your position here"/>
</MethodCall>
<Property name="border" value="_tmpBorder1" />
</Component>
<Component name="Radius" type="TextField" position="South">
<Property name="text" value="distance in km"/>
<MethodC all ReturnValueDest="_tmpBorderl"
ReturnType="javax.swing.border.Border"
name="javax.swing.BorderFactory.createTitledBorder">
<Param DataType="java.lang.String" Source="Enter Radius here"/>
</MethodCall>
<Property name="border" value="_tmpBorderl" />
</Component>
</Component>
<Component name="SubmitQuery" type="Button" position="South">
<Property name="text" value="Search"/>
<Event type="action">
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<MethodCall ReturnValueDest="_userLoc" ReturnType="java.lang.String"
name="constructor">
<Param DataType="javax.swing.JTextField" Source="UserLocation">
<Property name="text" value="java.lang.String"/>
</Param>
</MethodCall>
<MethodCall ReturnValueDest="_userRadius" R eturnType="java.lang.String"
name="constructor">
<Param DataType="javax.swing.JTextField" Source="Radius">
<Property name="text" value="java.lang.String"/>
</Param>
</MethodCall>
<MethodCall ReturnValueDest="_tmpRes" ReturnType="[Ljava.lang.String;"
name="remote:makeRestaurantQuery" >
<Param DataType="java.lang.String" Source="_userLoc" />
<Param DataType="java.lang.String" Source="_userRadius" />
</MethodCall>

<MethodCall ReturnValueDest="null" ReturnType="void" name="_tableModel.init">

<Param DataType="[Ljava.lang.String;" Source="_tmpRes"/>
</MethodCall>
<MethodCall ReturnValueDest="null" ReturnType="void"
name="_tableModel.fireTableChanged">
<Param DataType="javax.swing.event.TableModelEvent" Source="null'/>
</MethodCall>

</Event>
</Component>
<MethodCall ReturnValueDest="null" ReturnType="void" name="pack"/>
<Property hame="visible" value="true"/>
<Event type="window" filter="windowClosing">
<Property name="visible" value="false"/>
</Event>
</Component>

<JGUI>
<Help>

<HelpSet href="RestaurantLS.hs'/>

</Help>

</GISService>
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Glossary of Terms and Acronyms

“The beginning of wisdom isto call things by their right name.”
Chinese Proverb

Accuracy - the qudity of the result, or the degree of correctness of the messurement. It
should be didinguished from precison, which rdaes to the qudity of the process by which
the result was obtained.

Algorithm - agtatement of the steps to be followed to solve a problem.

API — Application Programming Interface

Applet — a Java program that is included in an HTML Web Page using the <gpplet> tag, and

runsin aclient’s Web browser.

Attribute data - the aspdid, destriptive information about feetures thet is often used for
andysis and the manipulation of the associated geospatia data

BeanML — Bean Markup Language. A wiring language developed by IBM Alphaworks that
alows one to describe an gpplication composed of JavaBeansin XML.

Cartography - The art or technique of making maps or charts.

Catalog - A collection of entries, each of which points to a feature collection and describes
its contents, coverages, and other metadata.

CBSD — Component-based Software Devedlopment. CBSD is the philosophy of building a

system by assembling and integrating existing components rather than building the system
from scratch. Also known as Component-Based Software Engineering (CBSE).
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CCM — The CORBA Component Modd is a core component of the CORBA 3 specification,
devdoped by the OMG, which extends the basic architecture defined in the EIB
Soecifiction, and dlows the creation of server-sde scdable, language-neutrd, transactiond,

multi-user and secure enterprise-level gpplications.

COM — Component Object Modd. A gpecification developed by Microsoft for writing
reusable software components that can be accessed and invoked in a Windows environment.
Also see DCOM.

CORBA - The Common Object Request Broker Architecture, developed by the OMG, is an
architecture and specification for credting, didtributing, and managing didributed objects in a
network.

COTS software — Commercid-off-the-Shelf software.

Datum — A paint, line or surface that is used as areference.

DCOM - Digributed Component Object Modd. A didributed software architecture
devdoped by Microsoft, based on COM, tha provides the ability to perform remote
procedure calls so that DCOM objects can run remotely over anetwork. Also see COM.

DEM - Digitd Elevaion Modd. Digitd eevatiion modes are cartographic/geographic deta
in ragter form that represent the devation of a dry land surface, i.e they are typicdly used to
represent terrain relief, and are dso referred to as Digital Terrain Modds (DTM).

DGCML (Digributed GIS Component Markup Language) — a meta-language developed by
the author to enable the cregtion and deployment of GIS services based on locd and
digtributed components, which can be incorporated into the RADGIS dient.

DIl — CORBA’s Dynamic Invocation Interface.  An APl that dlows a client to make
dynamic method invocations on remote CORBA objects that were generdly rot known about

a compiletime,

Disaggr egated— broken up into a number of congtituent parts.
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Distributed — the ability to access data and processing, as wel as collaborate with other users
located throughout the world, i.e. not concentrated in a single location.

DOM — Document Object Modd. A platform and language-neutra interface that alows
programs and scripts to dynamicdly access and update a document’s content, sructure, and
syle. SeeSAX.

DTD — Document Type Definition. A type of file that defines the structure and properties of
an XML document, and is used by a parser to vdidate the structure of an XML document. It
has been superseded by the XML Schema Language. See XML Schema.

EAI — Extand Authoring Interface. A mechanism, developed by Chris Marin, to dlow

Java programs to manipulate the VRML scenegreph in a VRML plugrin that supports the
EAI.

EJB — Enterprise JavaBeans. A Java-based didributed object architecture developed by Sun
Microsysems, that facilitates the development and deployment of reusable, objectoriented,
server-side components.

Element — A component of an XML document that represents a logical data Sructure,
delimited by start and end tags.

Feature — A digitd representation of measurable or describable phenomena about a red
world entity or an abdraction of the red world. It is the fundamentd unit of geospatid
information and congsts of both spatia and attribute data

.geo0 — Proposd by SRI for a new top levd doman to smply indexing and discovery of
spatid data

Geocoding - the process of defining the podtions of geogragphica objects rddive to a
standard reference datum.

Geodata — geogrgphicaly related data
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Geographic information system (GIS) - a computer hardware and software system capable
of handling the Storage, manipulation, andyds and display of spatid and rdaed atribute
data

Geoprocessing — the processing of geographicdly related data

Georeference - to edtablish the reationship between page coordinates (i.e. X, y) of a planar
map or image with known red-world coordinates (i.e. longitude/latitude, UTM, €tc).

Geospatial data — spatid data that is referenced to the earth

GeoVRML - a 3D data format, based on VRML. It was developed by the GeoVRML

Working Group to overcome the limitations of usng VRML for large terrain visudisation.

GI S — see Geographic Information System.

GML - Geogrgohic Markup Languagee An XML encoding of the Smple Fesatures
Soecification, developed by the OGC, which is likdy to be widdy adopted as a geospdtid
data exchange format.

GPS - Globd Pogtioning Sysem. A podtion-finding syslem, which uses a radio receiver to
pick up sgnds from specid satdlites to compute the location of the recaiver.

GUI — Graphicd User Interface

HTML — Hypertext Markup Language. A very smple markup language used to format text,
cregte form fidds, and embed images, sound, and other multimedia files usng URLSs in a text
file. This HTML file is generdly downloaded across the Internet and interpreted by a Web

browser.

HTTP — Hypertext Transfer Protocol. The Internet protocol used by Web browsers for
fetching hypertext objects from remote hogts.
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IDL — The Inteface Definition Language is used to define interfaces that enable
communication between modules implemented in different languages.

[IOP — Internet Inter-ORB Protocol. A protocol developed for communication between
CORBA ORBs.

Interoperability - ability of software (posshbly didributed on multiple machines) from
multiple vendorsto fredy exchange data between systems.

IR — CORBA'’s Interface Repository. A service that contains al the registered CORBA
objects interfaces, aswell as the methods they contain and the parameters they require.

ISO/TC 211 — The Internationa Standardisation Organisation (ISO) technica committee that
was formed to develop standards for working with geographic information. ISO/TC 211 is
now working closdy with the OGC to ensure that standardisation efforts are harmonised.
ISOTC 211 is currently concentrating more on daia sandards than the provison of GIS
sarvices and the standardisation of Web Map/Feaiure Servers, which is being looked a by the
OGC.

J2EE - Jawva 2 Enteprise Edition is an environment for developing and deploying multi-
tiered, Welb-based enterprise gpplications

JAR — The Java Archive file format is essentidly a ZIP file tha contains Java classes and
optionaly amanifest file to describe the classes.

Java3D — 3D AP for the Java programming language

JDBC - A Java AP for database connectivity. Although actudly a trademark name, it is
often thought of as an acronym for Java Database Connectivity. Also see ODBC.

JNLP — Java Network Launch Protocol. JNLP is a webcentric software digtribution
protocol based on XML that enables the deployment d Web-based Javagpplications.
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JVM - Java Virtud Machine. A specification for an abstract computing mechine, which is
implemented in software or hardware, that interprets Java programs that have been compiled
into Java byte-codes.

Kriging - an optimised interpolation technique (after Dr. D. G. Krige) that uses information
about the stochadtic (random, local) aspects of spatid variation.

LDAP — The Lightweight Directory Access Protocol is an extensble dient-server protocol
and information modd that alows one to access and manage information in a tree-structured
database. Each entry in an LDAP sarver has a didinguished name that dlows easy
identification, and dores associated information as etributess  Each  dtribute has an

associated type and one or more vaues.

Location-Based Services — The convergence of wirdess communication, Web and GIS
technologies that dlows a user to gain access to data based on her/his (specified) location.

Locaion Savices are paticular applications of spatid and andytic functions found in GIS
goplications.

LOD management — Leve of Detal management is a graphics optimisation technique
whereby an applicaion renders an object a different leves-of-detal according to particular
predefined criteria (eg. peformance requirements for rendering a scene, or the distance

between the viewpoint and the object)

Marshal — Convert a request from its representation in the programming language to one that
is suitable for tranamission to the target object.

M etadata— data that describes the characteristics of an information or processing resource.

MLS - Mobile Location Service. See Location Based Service

Mobile Agent — An agent tha is ale to migrae from one mechine to ancother in a
heterogeneous network.

179



Naming Service — A Service that dlows objects to be named by means of binding a name to
an object reference. A dient can obtain a reference to a desired object from the Naming
Searvice by smply specifying the name of the object.

ODBC - Open Database Connectivity. A standard APl for accessng data in both relationa
and nonrdationd DBMS, i.e it provides the programmer with a standardissed manner of
accessing data in an underlying database, which is independent of that database's data storage
format and programming interface. Also see JDBC.

OGC - Open GIS Consortium. A not for profit trade associdgion whose purpose is to
promote interoperability within the fidd of GI'S through the crestion an open sandards GIS.

OLE - Microsoft's Object Linking and Embedding is a way to creste documents containing
objects from other programs.

OMG - Object Management Group. A non-profit organisation whose chater is to
standardise and promote the use of object-oriented technology.

OpenGIS® Specification — A software interface standard developed by the Open GIS

Consortium that enables interoperable geoprocessing and data sharing between GIS systems
from different vendors.

Open system — A sysem that complies with standards, which have been made available

throughout the industry, and therefore can be connected to other systems that comply with the
same standards.

ORB - Object Request Broker. The infrastructure that connects objects requesting services
to objects providing them, in a digtributed environment.

OSD - Open Software Description.  An XML-based language for automated software
digribution over the Internet, developed by Microsoft.

PDA — Persond Digital Assgtant.
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RADGIS - Runtime Application Deveopment of GIS. The runtime-extensble GIS dient
architecture ceveloped by the author.

Raster — A data structure composed of a grid of cdls that represent geographic festures. A
group of cdlswith the same va ue represents a festure. See Vector.

RM I - Remote Method Invocation. Java s distributed programming architecture.

SAX — The Smple API for XML is astandard interface for event-based parsng. See DOM.

SDK — The Java Software Development Kit is a set of Java class libraries, hep
documentation and the Runtime-environment, which is used by a Java application devel oper.

Sequential - one after the other, in tandem order.

SGML — Standard Generdized Markup Language. SGML is a vendor, plaform, and media
independent standard for documents based on DTDs. It was adopted as an 1SO gandard in
1986, and isthe predecessor of XML.

Soap — The Smple Object Access Protocol is a method of making remote procedure cals
over the Internet usng HTTP.

Spatial analyss — the process of applying andyticd techniques to geospatiad data  Spatid
andyss may be used to modd, examine and interpret complex geographica interactions,
make decisons based on oatid rdationships or make predictions about future events.  This
is the essence of Geogrgphic Information Systems and is wha disinguishes them from

automatic mep-making systems.

Spatial data — the locaions of geogrephica entities together with their spaid dimensions.
Spatid data may be vector (points, lines, areas or surfaces) or raster data (bit-mapped data).

Spatiotemporal GIS — A GIS which models features that may change shape or postion over
time.
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SQL (Structured Query Language) — a powerful query language supported by mogt reaiond
databases.

Standard — A definition or format, approved an authority or accepted as a de facto standard
by industry.

SVG — Scdable Vector Graphics is a language for describing twedimensond vector and
mixed vector/ragter graphicsin XML.

Swing — GUI AP for Java programming language.

Temporal GIS - A GISthat dlows the user to work with data that has a time component.

TIN- Triangular Irregular Network. A method of creating a 3-D surface from irregularly
spaced point detain avector datamodd. See DEM.

Trader Service - a brokerage facility that dlows objects to publicise their services and bid
for jobs.

UDDI — The Universal Description, Discovery, and Integration standardis a repository-based
directory service which facilitates the automated |ookup of Web Services.

Unmarshal — Convert a request from a dient, from its transmissble form to a programming
larguage form.

Vector — One of the fundamenta ways of representing and doring spatid data (the other

being ragter). It is a coordinate-based data Structure that is comprised of a series of points
(coordinates), some of which are joined by lines (i.e. sets of rdaed points), and some line
segments (arcs) are joined to form polygons. See Raster

Voyager — Application server developed by Objectspace.

VRML - The Virtud Redity Makup Language, is an ISO gdandard for displaying 3D
objects over the Web.
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VRML NG — VRML Next Generation

W3 — World Wide Web Consortium.  Responsble for maintaining and developing emerging
Internet standards, including any new standards for HTML.

Web Feature Server — origindly intended as a mgor extenson to the Web Map Server
pecification, it has now become a separate interface specification. The Web Feature Server

Specification, developed by the OpenGIS Consortium, enables a dient to specify a request
that returns afeature set, e.g. as GML, to the client.

WMS — Web Map Saver. A gpecification developed by the OpenGIS Consortium for an
online service that is able to provide maps in one of a number of dandard imege forméts, eg.
GIF, JPEG, PNG, or as vector -based graphica eements, eg. using SVG.

WWW — World Wide Web. Otherwise referred to as the Internet.

X3D — an XML-based verson of VRML NG

XML - Extensble Markup Language. XML is subsat of SGML, and does not require a

document to have an associated schema described in aDTD.

XML Schema — It has recently replaced the DTD as the recommended prectice for
specifying the format, and dlowable datatypes, in an XML document. See DTD.

XSL — Extensble Style Language. Is responsible for how the XML data is presented to the

user.

XSLT — Extensble Style Language Trandformaions. This is the language responsble for
transforming XML documents in one format into other XML documents, eg. GML to SVG.

XwingML — A wiring language developed by HP Bluestone Software, which enables users to
build XML documents that define a complete Java Swing GUI.
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