INTEROPERATING
GEOGRAPHIC
INFORMATION SYSTEMS



THE KLUWER INTERNATIONAL SERIES
IN ENGINEERING AND COMPUTER SCIENCE



INTEROPERATING
GEOGRAPHIC
INFORMATION SYSTEMS

edited by

Michael Goodchild

University of California, Santa Barbara

Max Egenhofer
University of Maine

Robin Fegeas
U. S. Geological Survey

Cliff Kottman
Open GIS Consortium Inc.

v
()

Springer Science+Business Media, LLC



ISBN 978-1-4613-7363-6 ISBN 978-1-4615-5189-8 (eBook)
DOI 10.1007/978-1-4615-5189-8

Library of Congress Cataloging-in-Publication Data

A C.LP. Catalogue record for this book is available
from the Library of Congress.

Copyright © 1999 by Springer Science+Business Media New York
Originally published by Kluwer Academic Publishers in 1999
Softcover reprint of the hardcover 1st edition 1999

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system or transmitted in any form or by any means, mechanical, photo-
copying, recording, or otherwise, without the prior written permission of the
publisher, Springer Science+Business Media, LL.C

Printed on acid-free paper.



TABLE OF CONTENTS

ListofContributors . . . . . . . .. ... ... ... ....... iX
Preface . . . . . . .. ... .. ... ... xvii
AbouttheEditors . . . . . .. ... ... ... ... .. .. xxi
Theory and Concepts

1. Introduction

MaxJd.Egenhofer . . . . . ... ... 0oL 1
2. Changing focus on interoperability in information systems: from

system, syntax, structure to semantics

AmitP.Sheth . . . . .. ... ... .. ... ... ... ..., 5
3. Interoperability and spatial information theory

AndrejVckovski . . . . . ... ..o o oo 31
4, The Oglgn GIS Consortium and progress toward interoperability in

Clifford A.Kottman. . . . . . ... ... ... .......... 39
5. Probing the concept of information communities—a first step

toward semantic interoperability
Yaser A. Bishr, H. Pundt, W. Kuhn,and M. Radwan . . . . . . . 55

6. Characterizing the semantic content of geographic data, models,
and systems

MarkN.Gahegan . . . . . ... ... ... ... ....... 71
. Designing for interoperability: Overcoming semantic differences

~

FrancisHarvey. . . . . . . .. .. ... ... .. ... . ... 85

®

. Interoperability by exchanging executable content

AndrejVckovski. . . . . . . ... oo 99
. Supporting interoperation of GIS objects

Silvia Nittel and Richard R.Muntz. . . . . . . .. .. ... ... 107

©



vi Table of Contents

10. A specification language for interoperable GIS
Andrew U. Frankand WernerKuhn. . . . . . . ... ... ... 123

Modeling in Distributed Environments
11. Introduction
Michael F. Goodchild . . . . ... ... .. ........... 133

12. Interoperability of geographic information: From the spreadsheet
to virtual environments

Pedro Pereira Gongalves, Nelson Neves, Jodo Pedro Silva, Joaquim
Muchaxo, and Anténio Camara . . . . . ... ... .. 135

13. Geographical modeling in heterogeneous computing
environments

David A. Bennett, Greg A. Wade, and Raja Sengupta . . . . . . 149
14. Geospatial information extraction: Querying or quarrying?
Agneés Voisard and Marcus Jargens . . . . ... .. .. .... 165

15. Geospatial modeling: A case study for a statewide land
information strategy ‘

David Pullar and KristinStock . . . . . ... ... ... .... 181
16. Information brokers for a Web-based geographic information
system
lan Finchand Eleanor Small . . . . . . ... ... .... ... 195

17. Automated metadata interpretation to assist in the use of
unfamiliar GIS data sources

Brandon S. Plewe and StevenR.Johnson . . . . . . . ... .. 203

Systems and Experiences
18. Introduction

Clifford A.Kottman . . . . . . ... ... ... .. ....... 215
19. IRIS: A tool to support data analysis with maps
Gennady L. Andrienko and Natalia V. Andrienko . . . . . . .. 221

20. GeoToolKit: Opening access to object-oriented geodata stores
Oleg Balovnev, Martin Bruenig, and Armin B. Cremers . . . . . 235



Table of Contents vii

21. The geospatial interoperability problem: Lessons learned from
building the GeolLens prototype

Clifford Behrens, Leon Shklar, Chumki Basu, Nancy Yeager, and
EBdithAu . . . .. .. ... ... . .. ... 249

22. A middleware architecture for transparent access to multiple
spatial object databases

Sang Kyun Cha, Ki Hong Kim, Chang Bin Song, Joo Kwan Kim, and
YongSikKwon . . . ... ... ............. 267

23. Interoperating geographic information systems using the open
geospatial datastore interface (OGDI)

Gilles Ciément, Christian Larouche, Paul Morin, and Denis Gouin283
24, DIAL: A Web-based interoperable scientific data distribution

system
Liping Di, R. Suresh, K. Doan, D. llg, and Ken McDonald . . . . 301
25. Using the Internet to access geographic information: An Open
GIS prototype
Frederico T. Fonseca and Clodoveu A. DavisdJr. . . . . . . .. 313

26. GEOLIB: A software component for making GIS tools
interoperable

Donatas Kvedarauskas, Patrice Boursier, Xavier Culos, Thierry
Deltheil, and Sylvielris . . . . . .. .. ... ...... 325

27. Software agent-oriented frameworks for the interoperability of
georeferenced digital libraries on the World Wide Web: The

SIGAL project
Zakaria Maamar, Bernard Moulin, and YvanBédard . . . . . . . 335
28. Interoperability with the Earth Science Remote Access Tool
(ESRAT)
Robert G. Raskin and Elaine R. Dobinson . . . . . . ... . .. 355

29. Multi-server Internet GIS: Standardization and practical
experiences

Carel van den Berg, Frank Tuijnman, Tom Vijlbrief, Co Meijer, Peter
van Oosterom, and Harry Uitermark . . . . . . ... .. 365

30. A visual geospatial information server (VGIS) providing
transparent access to heterogeneous sources

Chuanchu Wang and JiankangWu . . . . . . . ... ... ... 379



viii Table of Contents

Education, Institutions, and Markets
31. Introduction
RobinG.Fegeas . . . .. ... ... ... ... ... ....... 399

32. Organizational and technological interoperability for geographic
information infrastructures

JohnD.Evans . . . ... ... .. ... ... . ... ... 401
33. Spatial Internet marketplaces from a database perspective
VolkerGaede . . . .. ... ................... 415

34. From GlISystems to GlServices: Spatial computing on the
Internet marketplace

Oliver Ginther and Rudolf Maller . . . . . . .. ... ... ... 427
35. Interoperable education for interoperable GIS
D. lan Heywood, Karen K. Kemp, and Derek E. Reeve . . . . . 443

36. Interoperability through organization: Digital libraries for
distributed geospatial information

XavierR.Lopez . . . . . .. .. .. . ... .. ... .. ... 459
Epilog . . . . . ... .. 471
Consolidated References . . . . . . . ... ... ........ 475



LIST OF CONTRIBUTORS

Gennady L. Andrienko

GMD - German National Research
Center for Information Technology
Schloss Birlinghoven
Sankt-Augustin

D-53754 Germany
gennady.andrienko @gmad.de

Natalia V. Andrienko

GMD - German National Research
Center for Information Technology
Schloss Birlinghoven
Sankt-Augustin

D-53754 Germany
gennady.andrienko @gmd.de

Edith Au

Pencom Web Works

40 Fulton Street

New York, NY 10038, USA
edith@pencom.com

Oleg Balovnev

Institute of Computer Science III
University of Bonn

Roemerstr. 164

53117 Bonn, Germany
oleg@cs.uni-bonn.de

Chumki Basu

Bellcore

MCC 1E-322B

445 South Street

Morristown, NJ 07960-6438, USA
cbasu@belicore.com

Yvan Bédard

Centre for Research in Geomatics
Laval University

Ste-Foy, Quebec G1K 7P4, Canada
yvan.bedard@scg.ulaval.ca

Clifford Behrens

Bellcore

MCC 1J314R

445 South Street

Morristown, NJ 07960-6438, USA
cliff@bellcore.com

David A. Bennett

Department of Geography
Southern Illinois University,
Carbondale, IL 629014514, USA
dbennett@siu.edu

Yaser A. Bishr

International Institute for Aerospace
Survey and Earth Sciences (ITC)
Hengelosestraat 99

PO Box 6

7500 AA Enschede, The Netherlands
yaser@itc.nl

Patrice Boursier

L3i

Université de La Rochelle
Av. Norillac

17042 La Rochelle, France
patrice.boursier@univ-Ir.fr



Martin Bruenig

Institute of Computer Science III
University of Bonn

Roemerstr. 164

53117 Bonn, Germany
martin@cs.uni-bonn.de

Ant6nio Cimara

Departamento de Ciencias e
Engenharia do Ambiente

Campus da Faculdade de Ciéncias e
Tecnologia

Universidade Nova de Lisboa

2825 Monte de Caparica, Portugal
asc@mail fct.unl.pt

Sang Kyun Cha

Knowledge and Data Engineering
Laboratory

School of Electrical Engineering
Seoul National University

San 56-1 Shinrim-dong Kwanak-ku
Seoul 151-742, Korea
chask@kdb.snu.ac.kr

Gilles Clément

Logiciels et Applications
Scientifiques (L.A.S.) Inc.

1600, Boul. St-Martin Est, Tour A,
bureau 650

Laval, Quebec H7G 4R8, Canada
cl@las.com

Armin B. Cremers

Institute of Computer Science II
University of Bonn

Roemerstr. 164

53117 Bonn, Germany
abc@cs.uni-bonn.de

Xavier Culos

SILOGIC Société d’ingénierie
informatique

78 chemin des Sept Derniers
31200 Toulouse, France
xavier.culos@silogic.fr

List of Contributors

Clodoveu A. Davis Jr.

PRODABEL Empresa de Informética
e Informagfo do Municipo do Belo
Horizonte S.A.

Av Presidente Carlos Luz, 1275
31200-000 Belo Horizonte —- MG
Brazil

clodoveu@pbh.gov.br

Thierry Deltheil

Département Recherche et
Développement

SILOGIC Société d’ingénierie
informatique

78 chemin des 7 deniers
31200 Toulouse, France
tdeltheil@silogic.fr

Liping Di

Raytheon STX Corporation
7701 Greenbelt Road, Suite 400
Greenbelt, MD 20770, USA
Ipd@rattler.gsfc.nasa.gov

Khoa Doan

Best Software Corporation
11413 Isaac Newton Square
Reston, VA 20190, USA
Khoa_Doan@bestsoftware.com

Elaine R. Dobinson

Physical Oceanography Distributed
Active Archive Center (PODAAC)
Jet Propulsion Laboratory
Pasadena, CA 91109, USA
elaine.dobinson@jpl.nasa.gov

John D. Evans

Massachusetts Institute of
Technology

77 Massachusetts Ave., Room 9-514
Cambridge MA 02139, USA
jdevans@mit.edu



List of Contributors

Ian Finch

Connect

3, Brownlow Street
University of Liverpool
Liverpool L69 3GL, UK
LFinch@csc.liv.ac.uk

Frederico T. Fonseca
PRODABEL

Rua Contria 1098

30430-460 Belo Horizonte MG
Brazil

fred@pbh.gov.br

Andrew Frank

Technical University Vienna
Gusshaustr 27-29

A-1050 Vienna, Austria
frank@geoinfo.tuwein.ac.at

Volker Gaede

IC-Parc, Imperial College
London SW7 2AZ, UK
v.gaede@icparc.ic.ac.uk

Mark N. Gahegan

Department of Geographic
Information Science

Curtin University of Technology
PO Box U 1987

Perth 6845, Australia
mark@cs.curtin.edu.au

Pedro Pereira Gongalves
Grupo de Anélise de Sistemas
Ambientais

Faculdade de Ciéncias e Tecnologia

Universidade Nova de Lisboa
2825 Portugal
pmg@uninova.pt

Denis Gouin

Defence Research Establishment
Valcartier (DREV)

2459 Pie-XI Blvd. North
Val-Bélair

Quebec G3J 1X35, Canada
denis.gouin@drev.dnd.ca

Oliver Giinther

Institut fur Wirtschaftsinformatik
Humboldt-Universitit zu Berlin
Spandauer Str. 1

10178 Berlin, Germany
guenther @wiwi.hu-berlin.de

Francis Harvey

Department of Geography
Patterson Office Tower
University of Kentucky
Lexington, KY 40506-0027, USA
fharvl @pop.uky.edu

D Ian Heywood

The Open and Distance Learning
Centre

Robert Gordon University
School Hill

Aberdeen AB10 FR, UK
ian_heywood @ compuserve.com

Doug Ilg

Raytheon STX Corporation
7701 Greenbelt Road, Suite 400
Greenbelt, MD 20770, USA
dilg@rattler.gsfc.nasa.gov

Sylvie Iris

SILOGIC

78 chemin des Sept Deniers
31200 Toulouse, France
sylvie.iris@silogic.fr

Steven R. Johnson

Brigham Young University
1348 E 900 South

Provo, Utah 84606-6307, USA
srj2@email.byu.edu



xii

Marcus Jiirgens

Institute of Statistics and
Econometrics

Freie Universitit Berlin
Garystr, 21

D-14195 Berlin, Germany
Juergens@inf.fu-berlin.de

Karen K. Kemp

National Center for Geographic
Information and Analysis

University of California

Santa Barbara, CA 93106-4060, USA
kemp@ncgia.ucsb.edu

Joo Kwan Kim

Knowledge and Data Engineering
Laboratory

School of Electrical Engineering
Seoul National University

San 56-1 Shinrim-dong Kwanak-ku
Seoul 151-742, Korea
Jkkim@kdb.snu.ac.kr

Ki Hong Kim

Knowledge and Data Engineering
Laboratory

School of Electrical Engineering
Seoul National University

San 56-1 Shinrim-dong Kwanak-ku
Seoul 151-742, Korea
next@kdb.snu.ac.kr

Clifford A. Kottman

Vice President, Technology
Development

Open GIS Consortium

6614 Rockland Dr

Clifton, VA 20124-2414, USA
ckottman@opengis.org

Werner Kuhn

Institute for Geoinformatics (IFGI)
University of Muenster
Robert-Koch-Str 26

48149 Muenster, Germany
kuhn@ifgi.uni-muenster.de

List of Contributors

Donatas Kvedarauskas
LRI, Batiment 490
Université Paris-Sud

91405 Orsay Cedex, France
dkvedar@Iri.fr

Yong Sik Kwon

Knowledge and Data Engineering
Laboratory

School of Electrical Engineering
Seoul National University

San 56-1 Shinrim-dong Kwanak-ku
Seoul 151-742, Korea
yskwon@kdb.snu.ac.kr

Christian Larouche

Logiciels et Applications
Scientifiques (L.A.S.) Inc.

1600, Boul. St-Martin Est, Tour A,
bureau 650

Laval, Quebec H7G 4R8, Canada
gc@las.com

Xavier Lopez

University of California, Berkeley
102 South Hall #4600

Berkeley, CA 94720, USA
xavier@sims.berkeley.edu

Zakaria Maamar

Pattern Analysis and Machine
Intelligence Lab

Department of Systems Design
Engineering

University of Waterloo

Waterloo, Ontario N2L 3G1, Canada
maamar@watfast.uwaterloo.ca

Ken McDonald
NASA/GSFC Code 505
Greenbelt, MD 20771, USA
ken.mcdonald@gsfc.nasa.gov



List of Contributors

Co Meijer

Cadastre

P.O.Box 9046

7300 GH Apeldoorn, Netherlands
meijer @kadaster.nl

Paul Morin

J2 Geomatics

615 Booth Street

Ottawa, Ontario K1A 0K2, Canada
pmorin@ncs.dnd.ca

Bernard Moulin

Computer Science Department, and
Centre for Research in Geomatics
Laval University

Ste-Foy, Quebec G1K 7P4, Canada
moulin@ift.ulaval.ca

Joaquim Muchaxo

Departamento de Ciencias e
Engenharia do Ambiente

Campus da Faculdade de Ciéncias e
Tecnologia

Universidade Nova de Lisboa

2825 Monte de Caparica, Portugal
Jjmlm@mail.fct.unl.pt

Rudolf Miiller

Institut fur Wirtschaftsinformatik
Humboldt-Universitat zu Berlin
Spandauer Str. 1

10178 Berlin, Germany
rmueller @wiwi.hu-berlin.de

Nelson Neves

Departamento de Ciencias e
Engenharia do Ambiente

Campus da Faculdade de Ciéncias e
Tecnologia

Universidade Nova de Lisboa

2825 Monte de Caparica, Portugal
jnn@mail.fct.unl.pt

xiil

Silvia Nittel

University of California, Los Angeles
Computer Science Department

4801 Boelter Hall

Los Angeles, CA 90095-1596, USA
silvia@cs.ucla.edu

Brandon S. Plewe

Department of Geography

690 SWKT

Brigham Young University
Provo, Utah 84602-5526, USA
brandon_plewe @byu.edu

David Puilar

University of Queensland
Brisbane

Queensland 4072, Australia
d.pullar@mailbox.uq.edu.au

Hardy Pundt

Institute for Geoinformatics (IFGI)
University of Muenster
Robert-Koch-Str 26

48149 Muenster, Germany
pundt@ifgi.uni-muenster.de

M. Radwan

International Institute for Aerospace
Survey and Earth Sciences (ITC)
Hengelosestraat 99

PO Box 6

7500 AA Enschede, Netherlands
radwan@itc.nl

Robert G. Raskin

Physical Oceanography Distributed
Active Archive Center (PO.DAAC)
Jet Propulsion Laboratory
Pasadena, CA 91109, USA
rob.raskin@jpl.nasa.gov



Xiv

Derek E. Reeve

Department of Geographical and
Environmental Sciences

The University of Huddersfield
Queens Gate

Huddersfield HD1 3DH, UK
d.e.reeve@hud.ac.uk

Raja Sengupta

Department of Geography
Southern Illinois University
Carbondale, IL 62901-4514, USA
sarojsen@siu.edu

Amit P. Sheth

Large Scale Distributed Information
Systems Lab

Computer Science Department
University of Georgia

Athens, GA 30602-7404, USA
amit@cs.uga.edu

Leon Shklar

Pencom Web Works

40 Fulton St

New York, NY 10038, USA
leon@pencom.com

Jodo Pedro Silva

Departamento de Ciencias e
Engenharia do Ambiente

Faculdade de Ciéncias e Tecnologia
Universidade Nova de Lisboa

2825 Monte de Caparica, Portugal
Jjps@mail.fct.unl.pt

Eleanor Small

Connect

3, Brownlow Street
University of Liverpool
Liverpool L69 3GL, UK
eleanor.small@gs.com

List of Contributors

Chang Bin Song

Knowledge and Data Engineering
Laboratory

School of Electrical Engineering
Seoul National University

San 56-1 Shinrim-dong Kwanak-ku
Seoul 151-742, Korea
tsangbi@kdb.snu.ac.kr

Kristin Stock

Queensland University of
Technology

Brisbane

Queensland 4001, Australia
k.stock@gqut.edu.au

R. Suresh

Raytheon STX Corporation
7701 Greenbelt Road, Suite 400
Greenbelt, MD 20770, USA
suresh@rattler.gsfc.nasa.gov

Frank Tuijnman

Professional GEO Systems
Damrak 44

1012 LK Amsterdam, Netherlands
tom@pgs.nl )

Harry Uitermark

Cadastre

P.O.Box 9046

7300 GH Apeldoorn, Netherlands
uitermark@kadaster.nl

Carel van den Berg

Professional GEO Systems
Damrak 44

1012 LK Amsterdam, Netherlands
frank@pgs.nl

Peter van Qosterom

Cadastre

P.O.Box 9046

7300 GH Apeldoorn, Netherlands
oosterom@kadaster.nl



List of Contributors

Andrej Vckovski

Netcetera AG
Zypressenstrasse 71

Postfach

CH-8040 Zurich, Switzerland
vckovski@netcetera.ch

Tom Vijlbrief

Professional GEO Systems
Damrak 44

1012 LK Amsterdam, Netherlands
tom@pgs.nl

Agnes Voisard

Institute of Computer Science
Freie Universitit Berlin
Takustr. 9

D-14195 Berlin, Germany
voisard@inf.fu-berlin.de

Greg A. Wade

Department of Computer Science
Southern Illinois University
Carbondale, IL 62901-4514, USA
wade@cs.siu.edu

Chuanchu Wang

Kent Ridge Digital Labs

21 Heng Mui Keng Terrace
Singapore 119613
ccwang@krdl.org.sg

Jiankang Wu

Kent Ridge Digital Labs

21 Heng Mui Keng Terrace
Singapore 119613
jiankang @krdl.org.sg

Nancy Yeager

National Computational Science
Alliance

University of Illinois

Urbana-Champaign, IL 61820, USA

nyeager@ncsa.uiuc.edu

Xv



PREFACE

Since the first commercial products became available around 1980, geographic
information systems (GISs) have become a significant area of application of
computing technology. They developed in response to practical needs, in the
handling and analysis of digital geographic information, and without any strong
theoretical framework. As a result, the GIS software industry that exists today is
fragmented: each vendor has adopted a distinct terminology and approach; a
technician trained on one GIS has a difficult time adapting to a different one; and a
database built for one system is not necessarily usable in another. Just as the science
of statistics provides a common mathematically-based language and framework for
much statistical software, so a strong theoretical framework in geographic
information science can provide principles and terminology for an easier-to-use,
more coherent, and more interoperable GIS industry. The research community has
made great strides in recent years in developing that fundamental theory, building on
work in computer science, cognitive science, linguistics, information science, applied
mathematics, and statistics. At the same time data sharing, exchange, and integration
in GIS have become significant issues, where progress offers substantial benefits in
reduced costs, increased flexibility, and speedier projects. This book captures the
state of progress, places it in the context of fundamental theory, and expands on the
institutional implications of greater interoperation among GISs.

Interoperation means many things to people. It means openness in the software
industry, because open publication of internal data structures allows GIS users to
build applications that integrate software components from different developers, and
it allows new vendors to enter the market with competing products that are
interchangeable with existing components, just as the concept of interchangeable
parts helps competition in the automobile industry. In the past few years the Open
GIS Consortium (OGC) has emerged as a major force in the trend to openness, as a
consortium of GIS vendors, agencies, and academic institutions
(http://www.opengis.org). Interoperation also means the ability to exchange data
freely between systems, because each system would have knowledge of other
systems” formats. Exchange standards such as the Spatial Data Transfer Standard
(also known as Federal Information Processing Standard 173; Arctur et al. 1998)
have had a significant impact on the ease with which data can be transferred between
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systems. They allow a user of one vendor’s products to make use of data prepared
using another vendor’s products, because data can be transferred in a standard
format. Interoperability also means commonality in user interaction, as system
designers build interfaces that can be customized to a ‘look and feel” familiar to the
user.

Simplification is a common theme in discussions of interoperability—
simplification in the complex collections of formats and standards in the industry,
simplification in the interaction between user and system, simplification in the
knowledge a user requires to be effective. In an interoperable world the user would
have to know less in order to achieve the same outcome. Training on ARC/INFO
would not be wasted if the user transferred to an Intergraph platform, and there
would be no need to master the complex details of data formats in order to assemble
a project database from different sources. From an educational perspective, progress
in interoperability would be measured by what it was no longer necessary to teach.

The term transparency is used when a user no longer needs to be aware of the
details of a computer implementation to use it effectively. A database management
system offers transparency to its users, who need to know nothing about the actual
implementation of a data model, or about the physical locations of data and software,
but can work instead at a conceptual level. Transparency implies that certain things
are no longer important to the user, and no longer intrude upon the user’s
conceptualization of the problem. It implies a uniform view of multiple,
heterogeneous, distributed, and autonomous participating systems.

Another term with patticular relevance to interoperation is similarity, a measure
of the degree to which two data sets, software systems, disciplines, or agencies use
the same vocabulary, follow the same conventions, and thus find it easy to
interoperate. Currently, interoperation is possible only over the narrowest of
domains. The effort to achieve interoperation is thus an effort to extend domains, or
to raise the threshold of similarity below which interoperation is possible.

The current architecture of GISs requires its users to be specialists, who must
learn a terminology that is largely system-specific, a user interface that is similarly
dominated by details of implementation, and a world of data that is riddled with
convention. In order to make use of today’s GIS one must be a spatially-aware
professional (SAP). The ability to decode acronyms is one of the tests of an SAP,
who must know, for example, the meaning of all of the Dxx acronyms—DEM,
DTM, DLG, DRG, DOQ, DCW (digital elevation model, digital terrain model,
digital line graph, digital raster graphic, digital ortho-photo quadrangle, digital chart
of the world respectively)—and their general characteristics. SAPs hold much of the
metadata of the common data sets in their heads, and thus are able to locate
necessary data and assess their fitness for use without use of the apparatus normally
required to support information retrieval, such as directories, catalogs, and libraries.
SAPs will have taken courses in GIS, or may have acquired their awareness through
the use of software, attendance at conferences, or from the published literature.

SAPs know the conventions of the geographic information community, and its
language. They know, for example, the conventions that allow the producers of
DOQs to assert that the representative fraction of their product is 1:12,000
(Goodchild and Proctor 1997). This has no relationship to representative fraction as
normally defined for paper maps, since there is no distance in a digital database that
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can be compared to distance on the ground. Rather, a DOQ has a scale of 1:12,000
because its positional accuracy, which is well-defined, matches that of a map at that
scale, according to national map accuracy standards
(http://mapping.usgs.goviwww/ti/DOQ/dogpt1.html).

Perhaps most importantly, SAPs know the conventions of GIS discretization,
which maps real-world objects and fields to their digital equivalents. The object
conceptualized by a user as a continuous line is discretized as a polyline, consisting
of mathematically straight connections between discrete points. Similarly, by
convention an area is discretized as a polygon, and may even be referred to as such
by an SAP. A field is discretized in many different ways that are embedded within
distinct suites of software. Thus the same concept, a continuous surface of elevation,
that is widely understood across many disciplines and professional cultures, may be
represented in GIS as a TIN (triangulated irregular network, or triangular mesh), the
digitized contours of a DLG, or the regular grid of a DEM. While the conceptual
schema is the same, the implementations are entirely different, and are never hidden
from the GIS user, ensuring that GIS is essentially inaccessible as a tool to anyone
other than an SAP. Vckovski (1998a) has argued that an interoperable world would
have just one conceptualization of a continuous surface, and that many aspects of the
actual implementation can be made transparent to the user.

Interoperability conceived in this way is clearly relevant at many levels (see, for
example, the collection of papers edited by Vckovski 1998b), and in many different
aspects of GIS. Many different types of detail can be made transparent to the user,
and many aspects of implementations can be hidden. Efforts are needed on many
fronts, and many conceptual and technical problems will have to be solved, before
much progress can be made towards the goal of interoperability. That progress might
be measured by ease of use, represented by the amount of training needed to
accomplish a certain task, or by the number of user actions required. It might be
measured less directly in terms of redundancy of instruction, as items in the GIS
curriculum that now must be covered before students can make effective use of GIS
become redundant, or at least relegated to classes that focus on the technical details
of GIS, rather than its applications. Other suitable metrics might be based on the
transferability of knowledge, measuring the effort required by someone trained on
System A to achieve the same productivity on System B. Progress might also be
measured by comparing across disciplines, or application domains.

Many recent developments in information technology and GIS are immediately
and obviously relevant to interoperability, either by motivating interest in achieving
its objectives, or by providing the technical means to do so. The Internet and its
applications, particularly the World Wide Web (WWW), are driving much of the
interest in interoperability, because they make transfer of data and software possible,
but fail to resolve many of the more difficult issues that transfer raises.
Developments in distributed systems, client—server architectures, digital libraries,
and other related areas are also high on the technical agenda at this time, as the
contents of this book make clear.

The idea of a book on Interoperating GISs arose from an initiative of the U.S.
National Center for Geographic Information and Analysis (NCGIA), a consortium of
the University of California, Santa Barbara; the University at Buffalo; and the
University of Maine; and under the auspices of its Project Varenius, NCGIA’s
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project to advance geographic information science. Varenius is funded by the U.S.
National Science Foundation through Cooperative Agreement SBR 9600465.
NCGIA sponsored an international conference on interoperating GISs, Interop ’97,
in Santa Barbara in early December 1997, and held an invitational workshop
immediately following the conference to develop a research agenda in the field. The
results of that workshop are available as a printed report and on the WWW
(Goodchild et al. 1997). Following the conference, the authors of the papers judged
best by the conference program committee were invited to submit expanded versions
for this book.

The book is divided into four major sections. In the first, Max Egenhofer
introduces the need for theory, and nine chapters that present various theoretical
frameworks. The second contains six chapters on modeling in distributed
environments. In the third section, Cliff Kottman introduces a series of chapters on
prototypes and functional systems, and on the lessons learned from them. In the final
section, Robin Fegeas introduces a set of chapters on the institutional context of
interoperation, issues of electronic commerce and GIS, and education.

The editors hope that this book will lay a firm foundation for research on
interoperating GISs, and help push the field towards a more coherent, simpler, and
more integrated future. We thank all of the authors for their contributions, and
especially the National Science Foundation and the Open GIS Consortium for their
collaboration in making this effort possible. Many of the software, system, and
corporate names that appear throughout the book are registered as trade marks or
otherwise protected.
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