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Abstract

Recent years in geographical information handling have been marked with constant change
and innovation. Geographical information systems and enterprizes have continued to gravi-
tate towards distributed models based on open systems technologies. Increasingly, successful
geographical information markets are predicated on robust service infrastructures that offer
guarantees on performance, availability, reliability and other critical quality characteristics.
This makes a broader concept of quality that surpasses classical notions of spatial data quality
and that comprises dynamic aspects of distributed geoprocessing in an increasingly complex
Internet environment necessary. The paper reviews the trends shaping the future of geograph-
ical information markets, and existing quality frameworks and their limitations in view of
current trends. Quality of service is introduced and positioned in the context of distributed
geographical information processing as motivation for investigating the scalability of emerging
geographical services infrastructures.
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1 Introduction

Geographical information (GI) processing is gravitating towards distributed models based on open
systems technologies. This comes in the wake of growing need to share distributed spatial resources,
integrate geographical information systems (GIS) with mainstream enterprize information systems
and better address the requirements of emerging markets especially in the realm of non-expert
GIS application domains including wireless and mobile location based services. The quest in GI
system research in recent times has thus been towards evolving standards for specifying interfaces
and protocols for software systems that can be deployed in an open environment to provide a
wide range of geoprocessing services [4, 1]. Meanwhile, GI providers continue to adopt flexible
structures and new business models centered on the virtual enterprize concept to take advantage
of advances in business networking and e-commerce solutions [32]. Increasingly, network-based
geographical information processing and dissemination is emerging as an inevitable future charac-
teristic of geographical information markets as applications composed of distributed autonomous
and interoperable services proliferate and become integrated in enterprize business processes.

Users of distributed GIS services will nonetheless expect levels of performance, availability, relia-
bility, and other important quality characteristics comparable to centralized systems. Providing
services with acceptable levels of quality in an Internet environment is a big challenge, which is
further exacerbated by the growing complexity of the Internet [25] and the unique character of
spatial data. Spatial data are large volume phenomena with complex data structures and are com-
putationally intensive [29, 7, 27]. These characteristics have great impact on the scalability of the
distributed computing infrastructure, system and network performance considerably constraining
deliverable service quality.

As the technology matures and distributed geoprocessing becomes the norm, the challenge of
providing guarantees on the quality of the services delivered increasingly becomes critical. Quality



in the geographical information domain has for long been centered on spatial data and its fitness-for-
use [2, 10]. In the distributed environment however, a data-centric definition of quality is limiting
and does not encompass the dynamic aspects of online access, processing and dissemination of
geographical information and services. Take the example of simple remote data access; a high
quality dataset delivered with much delay over a lossy channel and in an incompatible format is
not so useful, neither is a poor quality dataset even when delivered with insignificant delay and loss
and in compatible format. Clearly, quality in the open environment takes a broader scope beyond
classical notions of spatial data quality. In addition to quality of the spatial data being shared,
exchanged and processed, issues of service performance, availability, reliability, security, cost and
network performance will influence the quality of the service as perceived by the end-user.

The rest of the paper is organized as follows. Section 2 reviews the trends that are shaping the
future of geographical information markets. Section 3 outlines the existing quality frameworks
highlighting limitations. In Section 4, we introduce the concept of quality of services in the context
of emerging geographical services infrastructures and Section 5 provides a summary.

2 Fundamental Trends in GI Environments

The explosive growth of the Internet continues to revolutionize the way modern day business is
conducted and services provided. In recent years geographical information systems (GIS) and enter-
prizes have continued to evolve towards distributed models in order to better exploit the potentials
presented by the Internet computing paradigm. GIS systems have exhibited sustained evolution
from stand alone, data-centric stovepipes to distributed models composed of open interoperable
services while GI enterprizes continue to pursue flexible models in order to leverage advances in
business networking and e-commerce. Meanwhile the spatial data infrastructure (SDI) concept
which emerged in the 1980s to advance spatial data sharing by taking advantage of the ubiquity of
the Internet and its ease of use, has matured and is evolving into an infrastructure for the delivery
of geoprocessing services, the so called geographical services infrastructure (GSI). In the follow-
ing sections we briefly review each of these developments from a quality perspective. Section 2.1
reviews the trends in geographical information (GI) enterprizes. Sections 2.2 and 2.3 outline the
concepts of the spatial data infrastructure (SDI) and the geographical service infrastructure (GSI)
respectively.

2.1 Evolving GI Enterprizes

In a bid to improve performance, organizations charged with the responsibility of collecting, man-
aging and disseminating geo-information have exhibited marked changes in their institutional and
strategic set-ups in the past few decades [31, 23, 18]. Customer focus has been the overarching
principle underlying pervasive re-engineering programs as providers strive to meet growing demand
for a broad range of services and information products. Strategic partnerships and outsourcing
arrangements are now commonplace with some providers (e.g. the Dutch Kadaster) expressly pro-
viding for user councils in order to pro-actively align corporate strategy with user requirements.
Development and deployment of elaborate quality management systems in accordance with ISO
standards is another strategy that has been vigorously pursued and widely adopted in many en-
terprizes to enhance the efficiency of business processes and achieve customer satisfaction [13].

Nonetheless, the fast pace and global nature of present day businesses coupled with the prevalence
of e-commerce and the push for lean enterprizes continue to challenge providers of geographical
information services and products. Furthermore, it is increasingly evident that it is beyond the
ability of a single organization to meet all the service and information product needs of a rapidly
growing user community. This demands a new framework to enable GI enterprizes to rapidly



change their structures, enter and leave partnerships quickly, change roles, rapidly design and
deliver new products and services in changing business environments.

As a consequence, GI enterprizes have shown increased preference for integrated enterprize models
centered on the virtual enterprize (VE) concept to exploit opportunities presented by technological
advances, achieve strategic objectives and be effective in competitive global markets. A virtual
enterprize comprises of a temporary alliance of globally distributed autonomous enterprizes par-
ticipating in a common product cycle or service chain and sharing resources, skills and costs with
the support of information and communication technologies to better attend market opportunities
and fulfill corporate strategy [9]. The virtual enterprize is thus composed of functions provided
by participating enterprizes and is structured and managed in such a way that it presents itself to
third parties as a homogenous whole.

2.2 The Spatial Data Infrastructure

The spatial data infrastructure (SDI) concept was a pioneering vision of a distributed system dedi-
cated to managing and sharing spatial data among several stake holders at different levels of govern-
ment through appropriate application of information and communication technologies. This is well
embodied in the stated objectives of the National Spatial Data Infrastructure (NSDI) of the U.S.A.
The NSDI is mandated to improve spatial data availability, minimize duplication efforts in spatial
data acquisition and management, provide public access to distributed spatial data resources, and
reduce costs related to geographic information handling (www.fgdc.gov/nsdi/nsdi.html).

The concept of an infrastructure to facilitate spatial data sharing continues to attract growing
attention world wide [24]. As it spreads and evolves, the concept has come to mean different
things in different contexts and communities depending on motivation, funding and policies for its
creation and management [33]. That notwithstanding, the SDI encompasses the policies, technolo-
gies, standards, fundamental datasets and human resources necessary for the effective collection,
management, access, delivery and utilization of geospatial data at affordable costs [26, 12].

2.3 The Geographical Service Infrastructure

The growing market for specialized and customized services, especially in the realm of non-GIS
expert domains that include mobile and wireless location-based services, brings to question the rel-
evance and appropriateness of traditional GIS models. As a result there is growing consensus that
new models where GIS functionalities are delivered as autonomous interoperable components are
needed [4, 28]. The component based GIS model strongly derives from the web services concept, in
which case GIS functionality is delivered as autonomous interoperable services that are accessible
through the World Wide Web (WWW) and that can be remotely discovered and combined into
customized GIS applications or choreographed to perform complex tasks. This novel GIS model
promises applications that are platform independent, that can transparently share spatial resources,
and that offer increased potential for favorable cost/performance ratios. Furthermore, traditional
GIS systems have for long been developed and managed separately from mainstream enterprize
information systems, which inhibits enterprize wide application of GIS technology. The new mod-
els will greatly ease the integration of GIS functionality with mainstream enterprize information
systems and promote ubiquitous geoprocessing.

GIS applications based on distributed services prompt the concept of a geographical services in-
frastructure comprising interoperable services that can be combined with each other or with other
specialized services (e.g simulation tools) to offer advanced services and execute complex tasks as
may be required by some end-user. A service can be defined as a collection of operations accessed
through an interface and that allow a user to evoke some desirable behavior.
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Figure 1: Distributed services

The Open GIS Consortium has defined the OpenGIS web services framework (OSF) that proposes
a set, of basic services, interfaces and protocols that can be used by any compliant application in
a distributed enterprize setting [19] (Figure 1). OpenGIS services are web services that reflect
the vision of the Open GIS Consortium (OGC) for spatial data and application interoperability.
Ubiquitous deployment of openGIS services is poised to promote establishment of e-commerce
architectures by connecting collaborating communities of information providers, maintainers and
brokers interworking in shared service chains [19], further advancing the virtual GI enterprize
(Figure 2).

3 Quality and Geoprocessing: Existing Frameworks

Quality is a concept that has been widely applied to various aspects of spatial data, its acquisition,
processing, management and dissemination, yielding a rich vocabulary of quality-related termi-
nologies and definitions. Quality has for long been focussed on spatial data and its fitness-for-use.
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Figure 2: Trends in GIS Systems and GI Enterprizes



However, market dynamics and changes in operational environments have seen many GI enter-
prizes adopt new structures and business models, and increasingly pay greater attention to the
dynamic aspects of quality in their business processes. Further, it can be anticipated that changes
in enterprize business processes and organizational structure manifest in changing architectures of
enterprize systems. We thus envision three closely entwined contexts within which one can define
quality viz the contexts of business processes, enterprize systems and spatial data.

3.1 The Context of Business Processes

Recent years have seen considerable change in the geographical information handling and market
environments. As a result GI enterprizes have had to rethink their operations, product and service
offerings in order to improve performance, stay competitive and expand market niche [31, 18].
Organizational restructuring, business process redesign, deployment of total quality and workflow
management systems and quality control procedures (see for example [34, 8, 16]) have thus become
commonplace.

The overarching goal is to improve the performance of the business process, hence its products and
services. Performance in this context is defined by quality, cost and delay (QCD) [18, 35]. Quality
refers to the extent to which the product satisfies user needs also called external quality. The cost
of a GI product can be viewed in two ways. First, it can be production cost which is the cost
incurred in generation of the product and is directly related to the efficiency of the value chain or
business process. It also refers to the price at which the product is made available to the consumer,
always considered in the background of perceived quality of the product. Delay is directly related
to the responsiveness of the business process and refers to the time it takes to make a product
available in the market (time-to-market), and also the time to generate a unit of product. Though
the concepts have attracted much interest they are still little developed given the infancy of the
markets.

3.2 The Context of Geoprocessing Systems

Enterprizes need flexible systems that can be rapidly adapted to changes in their environment and
integrated with other systems when the need arises. Enterprize systems support business processes,
store, process, manage and analyze business information in pursuance of strategic objectives. Thus
an enterprize system will reflect the strategic goals of the enterprize and its organizational structure.

The trend in recent years has been towards open distributed systems to support the computing
needs of collaborating enterprizes dispersed in space. Distributed systems comprise heterogenous
computing elements connected via communication networks and offer better cost/performance
trade-offs, improved system availability and reliability, and enhanced resource sharing. Interoper-
ability is however a big challenge.

Towards distributed geoprocessing, the OGC has proposed the openGIS services framework (OSF)
that defines a set of basic services that can be deployed on the Internet, located and invoked
by compliant client applications in a distributed enterprize environment [19]. Basic services can
then be combined together to provide aggregated services or integrated with other services to
provide more complex and specialized services (Figure 1). It can be anticipated that as the virtual
enterprize becomes the norm and distributed geoprocessing gets pervasive, an increasing number
of enterprizes will become reliant on distributed infrastructures for mission critical applications.

The ISO! and the ITU? have standardized the reference model for open distributed processing (RM-

!nternational Standards Organization
2International Telecommunications Union



ODP) to aid the architecting and development of distributed systems and achieve interoperability.
The RM-ODP has five viewpoints to enable separation of concerns during design by allowing
designers to focuss on facets of the design that are of interest. The enterprize viewpoint captures
the purpose, scope and policies for the system being designed. The information viewpoint specifies
the information the system holds and the processing it carries out. Evidently, spatial data and
its quality are among the concerns of the information viewpoint. The computational viewpoint of
the RM-ODP supports distribution through functional decomposition of the system into objects
which interact at interfaces. Important quality concerns of the computational viewpoint include
portability, modifiability and modularity. The core of OGC work has centered on the definition
of specifications for interfaces and protocols for geoprocessing computational objects [1]. The
engineering and technology viewpoints focus on the mechanisms,functions and technology choices
necessary to realize a distributed system. Several quality concerns can be identified for distributed
systems (or any system for that matter) and include performance, availability, reliability, security,
usability, modifiability, etc [5] and these qualities are chosen to suit the system requirements and
its stake holders.

3.3 The Context of Spatial Data

The classical application of quality concepts in geographical information domains has been to
describe aspects of spatial data. For long, data accuracy was the sole concern resulting in elaborate
models and techniques to analyze error and its propagation in measurements [17]. With the advent
of digital spatial databases and GIS systems, spatial data quality has extended beyond accuracy
to include other elements like completeness, consistency, lineage etc. [10].

Growing possibility to share spatial data and apply it for purposes other than those for which it was
collected, has led to the general definition of the quality of a spatial dataset as its fitness-for-use in
an application context. This definition ties well with that by ISO (9000:2000) that defines quality
as the totality of characteristics of a product that bear on its ability to satisfy stated or implied
needs [20]. Spatial data quality is currently presented in metadata, which users can employ to
determine the appropriateness of a particular dataset for a particular task. Nonetheless, metadata
exhibit several limitations [3, 11, 14]:

Metadata essentially present the providers’ view of quality
- Metadata are static

Metadata are devoid of important information on uncertainties associated with indicated
quality and associated risk of using the dataset

- Metadata are very complex for non-expert users

Semantics and fuzzy objects are little addressed

Several strategies are proposed to address stated limitations. Profiling is proposed to address
complexity. Similarly, models that take metadata elements and user requirements as operands to
provide an assessment of the fitness-for-use of a dataset and the risk involved in its use are needed
[3]. Ontologies for user communities promise to handle issues of semantics [6]. In general, these
are nonetheless still very much open issues in research.



4 Quality of Services and Open Geoprocessing

Future geographical information (GI) markets will be dominated by collaborating enterprizes inter-
working and sharing spatial resources in an open technology environment. Pervasive GI processing
will exploit the ubiquity of the Internet to promote access to distributed spatial resources and
application of geographical information in a wide variety of decision making procedures.

Users in the distributed environment however expect levels of performance, availability and reli-
ability comparable to centralized environments. Performance is about timing. Events occur to
which a system must respond, and the time it takes the system to respond to an event generally
provides the basic measure of performance [5]. Availability relates to system failure and associated
consequences and is characterized by the probability of the system being operational when needed.
The reliability of a system is the probability of the systems functioning properly and constantly
over a fixed period of time [25]. These quality characteristics have attracted much attention es-
pecially with the advent of the Internet and multi media applications. They have generally been
studied under the subject of quality of services (QoS) which has been variously defined as:

QoS is user-perceived performance [15]

QoS is the collective effect of service performances which determine the degree of satisfaction
of a user of the service [21]

QoS is the degree of conformance of the service delivered to a user by a provider with an
agreement between them [30]

QoS is a set of quality requirements on the collective behavior of one or more objects and
may be specified in a contract or measured and reported after an event [22]

QoS is the ability to provide resource assurance and service differentiation [306]

Central to quality of service are users and their requirements. It should be noted however that user
perception of quality is influenced by a wide range of factors, some of which are outside the scope
of the application or infrastructure designer. Our focus in geographical service infrastructures will
focus on issues that will affect the scalability of the infrastructure. In the context of distributed
geographical service infrastructures QoS can be defined as

the level of performance guaranteed over the infrastructure

and will thus be characterized by a collection of values (may be ratio, a maximum, an average
etc.) acting on performance related properties of the components that comprise the infrastruc-
ture. Support for QoS is necessary failure of which may result in undesirable effects depending
on the service and its role within the enterprize. Potential consequences include unpleasant user
experience, application failure, loss of business, etc.

As distributed geoprocessing becomes of age and the virtual GI enterprize becomes the norm, the
need for QoS guarantees will be heightened even as the applications become larger and more com-
plex. Future GI markets are therefore increasingly predicated on robust distributed infrastructures
that can offer guarantees on QoS and other important quality characteristics. Distributed archi-
tectures will comprise requestors/consumers and providers of services linked together by brokerage
services (Figure 1). Through the use of service metadata, users will discover, access and chain ser-
vices based on their performance, reliability, availability, conformance to standards, etc. making
end-to-end QoS compossable, specifiable and predictable. Nonetheless providing QoS guarantees
poses considerable challenges. For one, the Internet is an increasingly complex environment and
spatial data are complex phenomena with characteristics that can adversely impact performance



and availability in the distributed environment i.e. large volumes, complex data structures and
high computational intensity.

The premise is that performance in the open environment will be dominated by network per-
formance and that relatively large grained data transfers are expected to be more scalable than
multiple computationally intensive interactions [19], issues that have little been studied and re-
ported in view of emerging geographical service infrastructures. Further, it is apparent that the
methods employed to define and manage quality of service in centralized mapping environments
are inadequate in the open environment. Thus new methods and mechanisms are needed to specify,
implement and manage quality of service in the new environments.

5 Summary

Geographical information systems and enterprizes have been under constant change in recent years
with the current trend being towards Internet based distributed GI processing and dissemination.
These trends raise the need for a broader concept of quality that effectively defines, captures and
addresses users requirements in the distributed environments. Application of quality concepts in
geographical information domains continues to be centered on the context of spatial data qual-
ity. However, quality in the contexts of business processes and geoprocessing systems are gaining
growing attention.

As the technology matures and the virtual enterprize becomes the norm, future geographical infor-
mation markets will increasingly be predicated on distributed infrastructures that provide guaran-
tees on quality of services in addition to other important quality characteristics. Deliverable QoS
in a distributed geographical service infrastructure is the level of performance guaranteed over that
infrastructure and is characterized by a collection of values that act on performance related prop-
erties of the components that make up the infrastructure. Providing QoS guarantees in distributed
Internet based infrastructures is nonetheless a big challenge which will increasingly get critical
as users increase their reliance on distributed geoprocessing systems and provides motivation for
evaluating the performance of emerging service infrastructures towards QoS support.
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