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Preface

‘The 3rd International Symposium on Large Spatial Databascs (SS1°93) was
held at the National University of Singapore, June 23-25, 1993. The previous
meetings of the series were at Santa Barbara (1989) and Zurich (1991). 88D°93
again was planned as a {orumn for researchers and practitioners specialising 1n
database theory and for advanced applications of Spatial Information Systerns.

Seventy submitted papers were each reviewed by three referees. Twenty-six pa-
pers were accepted for presentation. The technical program also included three
keynote papers (Kim, Schek, and Stonebraker}, one invited paper (Tang-Kwong),
two panels and four tutorials {FEgenhofer, Frecston, Han, and Samet). The growth
in the number of submissions over the SSD series to dafe is evidence of the in-
creasing interesl in Spatial Information Systems in general and spatial database
in particular. This interest undoubiedly stems from both the research challenges
for compuler scientists in spatial data management and the potential real-world
significance of advances in the state of the art.

Comparison of the papers presented at S5D°93 and S8D°91 shows further progress
in the core areas of spatial database and registration of new problems arising from
new types of applications. The core topics of data modelling, spatial indexing,
storage management and query processing continued to be strongly represented
altbongh the iafluence of changing styles of use of Spatial Information Systems
can be scen in new problems within these fraditional areas. Ng and Kameda, for
example, considered concurrent access to R-trees and Becker and his colleagues
indexing for multiple versions of objects. New tapics ineluded interoperability of
spatial databases, where the paper of Schek and Wolf was complemented by the
cage study by Kolavson, Neimat and Polamianos, deductive database (Abdel-
moty, Williams and Paton) and parallel processing {Franklin and Kankanhalli).

Specialisations such as spatial databases rely on fresh problems to retain their
vigour. Stonebraker, Frew and Dozier considered the challenges to the existing
technology posed by very large environmental databases and noted some solu-
tions under investigation in the SEQUIOA 2000 Project. Williams and Woods
posed another new form of problem in representing and manipulating expecta~
tions and conclusions.

Results of research into spatial databases have found their way into commercial
implementations of geographical information systems. Kim, Garza and Keskin
identified a number of key issues in spatial databases that need to be addressed
from an object-oriented system point of view before we can expect to see a rich
support of spatial data management in commercial database systems.
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As Co-Chairs of the Program Commities, we wish fo place on record our appre-
ciation of the contributions of many people. Clearlty any conference relies on the
number and quality of the subimitted papers and we acknowledge the support
of the 70 individuals or groups making submissions. The peer review ptocess it-
self required 210 individual reviews by the members of the Program Commitiee
and other colieagues who were co-opted. The short period between the closing
date for submissions and the Program Committee meeting placed particular de-
mands on the referees and we thank them for their diligence and cooperation.
We also thank Hans Schek and ETH for providing factlities for the PC meeling
st Zuerich, and Max Egenbofer, Tok Wang Eing, Hongjun Ly, Ron Sacks-Davis,
Hans Schek, Soon Kiang Wee, Yuk-Wah Tang-Kwong and Chung Kwong Yuen
for their support. Finally, we thapk Siew ¥oong Ho, Line Fong Loo and Roughut
Luo for their assistance in preparation of Calls for Papers and Participations,
and Cuie Zhao for her assistance in preparation of this proceedings.

Bingapore, June 1953 David J. Abel and Beng Chin Ooi
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Message from the General Chair

The Department of Information Systems and Computer Science, National Uni-
versity of Singapore, is honoured to have headed the organizational effort for
the 1993 International Symposium on Large Spatial Databases, SS1'93. Like re-
search inio database techniques in the storage and representation of knowledge
during the eighties, dalabases for geometric, pictorial and multimedia informa-
tion are at the current forefront of research. Being the international conference
specializing in this exciting field of endeavour, SS1’93 will do much to heighten
regional awareness and promete international cooperation in research. As the
reader can see from the table of contents the confercnce has attracted eminent
keynote speakers and an active group of researchers to present their rescarch,
producing altogether an excellent programme.

t wish to acknowledge the assistance and cooperation we received from the spon-
soring organizations, the programme commitice, the referees, and mumerons
other individuals who put in many hours of work to make the event a suc-
cess. They have been listed in the appropriate places in this volume. Last but,
not least, T thank the publisher for the smooth production of the proceedings in
time for distribution at the conference.

C. K. Yuen
S5D°93 General Chair
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Spatial Data Management In Database Systems:
Research Directions

Won Kim, Jorge Garza, Alf Keskin
UniSQL, Inc.
9390 Research Bivd.
Austin, Texas 78759

Abstract

Spatial dala management has been an active area of research during the past two
decades, and results of research inlo spalial dala structures and research into
mapping spatial data intc records in relationhal datat:ases have found their way inic
commercial implementations of geographical information systems. However, no
commercial database system today direcily supporls spalial dala management, in
paricular, data definition and query facilities for spatial data. The objeclive of this
paper is to identify a number of key issues that need to be addressed in the ngarterm
before we can expecttc see arich support of spatial data management in commercial
database systams.

1. Introduction

Curing ihe past twe decades management of gpatial data has been an active acsa of research. A
major facus of research has been on data structures for storing and relrieving gpatial data. The data
structures which have been propased inclede mullidimensional hash structures, such as the Grid File
[NIEV84] (and Bang File [FREES7], which is a variation of the Grid File), iree struciures extended for
mulidimensional point data, such as quad trees [FINK74, BENT75, SAMES4], K-D trees [BENTYS]
(also K-~D B treas [ROBIB1], which exiends 1he K-D trees with secondary storage considerations; and
spatial K~-D trees [OC190]}; and tree struciures extended for reclangular objects, such as B-trees
[GUTTS4] {also R+ trees [STONSB3, FALCB7, SELLB7, GREES4], R* trees [BECK90), and Paralief
R-irees [KAMEY2], which are optimized/extended versions of the R-lrees), among others. The resulls
of this line of research have found their way into various commercial geographical information sysiems
(GIS),

Anolher direction of research and development adopied during the past decade has been ihe
integration of spalial data managemenl into refational Satabase systems. A number of GIS systems
have been built on 1op of relalional database systems to take advantage of the query facilities of
reiational systerns to relrieve spalial data ihat is mapped o tuples in tables. PSOL [ROUSS8),
SIRO-DEMS [ABELES], GEQ-VIEW [WALIGE9] and Generation § [GENS0] are refalively recent
systems that have been built on lop of refational systems,

In vigw of the fact that spatial data management has been an aclive area of research in the
database field for two decades, it is surprising tha} loday there is no commercial database system that
directly supporls spatidl data management. In particular, no commercial dalabase syslem provides
facilities for direclly defining spatial daia and lormulaling queries based on search conditions on spatial
dala. As a consequence, no commercial database system provides a data structure for spatial data.
This has fueled the recent research irend in spatial data management in extending the architecture of
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ouirent Gatabase sysiems o acocommoseie manapement of boils spalal and aspadal daia iORE8S,
T0I99, AREFI1].

The chieciive of inis paper is to provide dirgciions for further research in spalial data management
with fhe view 1o prormoting direct support of spatial data management iaciltias in fuivre database
systems. Broadly, we befieve the tollowing are the: reigvant isswe s on which near-term research sheuld
be Jucused.

First, althcugh numeraus data structures hiave been propased fer spatial data storage, and some
periomance analysis werk on some of the date structueres has beendone, & ot more work needs to be
done on experimental validation of their relative performance, with corisideratlon of 8 much broader set
of operations thar: Jusi a few typical sperations,

Second, reiational query opiimizaiion technigues nsed to be extended to dealwith spatial queries,
inai is, queries that contain search conditions on spatial daia. In particuiar, 2 reasonabla cos! mode! for
somputing 1he sefectivily of spatial predicates needs to be developed.

Third, it is difficult o bufld into 7 sihgle databaze system multiple data slssctures for spatlal
indexing, and all spatiatoperators thal are useful for a wids variety of snatiai applications; as such, itis
desirabie ic buiid _é detabase systen so that it will be &s easy 25 possinle lo extend the syslem with
addiiienal data structures and spatiaf operators.

Fourih, some aspacts of jhe object—oriented paradigm need 1o be applied to axiend the current
capabiiitias of relstional database systems. These include support for arbitrary data iypes in a data
Jefinflicn language, snd management (by the database system) of objectz inthe application workspace
wvirtual memory} loaded frem the database, Performance consequences of ihese for spatial data
management negd to be understood beiler.

in the remainder of this paper, we will explore each of these issues in turn in some detail,
2. Spatial Indexing

0Of the known Gata siructures, R-frees secm o be the most poputar for stering non—point objects
fin pariicular, restarguiar regions). Quad trees and K-L iress necessiaie conversion of spatial data
nto poird data in g muitidimensiona! space. R-irees aré an axtension of B-irees {ar muiltidmensicnal
ohjecls. As such, they have the logarithm perfcrmance behavior for secondary-sterage—resident
indexes. R-trees, although developed for a dalabase of 2-dimensional reciangular objecls, can be
seneralized/specializad 1o accommondate point oblects and k~dimensional (4 > 2} objacts. One setious
aroblem with R-irecs is that it aliows bounding rectangles 1o overla. Since objects within an
avanapped area bekng o only one of ibe bounding reciangles, in gensral mullinle branches of the
index ree neetdiobe tfraversed. Soms optinizalion jechniques have beensuggested inthe literature for
R-irees [ROQUESE, SELLSYZ, BECKIL)

zoncurrency and recovery

Currgint praposals for Fi-free varianis do not tske inlo account concurrency control and recovery.
in particutar, the spiitting and merging of index pages wil need 10 be designed with the view to
maximizing concurency {i.e. number of concurrent Lisers) and minimizing the sverhead for recovery
avenwhile guaranieeing recovarability.

performance studies

Although some work iias been done on the relative parformance of the R-tree varianis and some
other dala structures [RGUSES, SEL87, FALCHB?, GREEBZ, BECKO0, HOELDZ], it is not clear i the
resuils are conclesive, There are a Sew problems with the current resulls. First, most of the gurrgnt
parfarmzahce studies ars not based on achsal impiementaiions of the dala struciures within a full-dicwn





