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Preface 

The 3rd International Symposium on Large Spatial Databases (SSD'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). SSD'93 
again was planned as a forum for researchers and practitioners specialising in 
database theory and for advanced applications of Spatial Information Systems. 

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 (Egenhofer, Freeston, Han, and Samet). The growth 
in the number of submissions over the SSD series to date is evidence of the in
creasing interest in Spatial Information Systems in general and spatial database 
in particular. This interest undoubtedly stems from both the research challenges 
for computer 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 SSD'93 and SSD'91 shows further progress 
in the core areas of spatial data base 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 
although the influence of changing styles of use of Spatial Information Systems 
can be seen in new problems within these tradition al areas. Ng and Kameda, for 
example, considered concurrent access to R-trees and Becker and his colleagues 
indexing for multiple versions of objects. New topics included interoperability of 
spatial databases, where the paper of Schek and Wolf was complemented by the 
case study by Kolovson, Neimat and Potamianos, deductive database (Abdel
mot y, Williams and Paton) and paraUel 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 sorne solu
tions un der 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 data base systems. 
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As Co-Chairs of the Program Committee, we wish to place on record our appr5-c 
ciation of the contributions of many people. Clearly any conference relies on the 
number and quaJity of the submitted papera and we acknowledge the support 
of the 1'0 individu ais or groups making submissions. The peer review process it
self required 210 individual reviews by the rnembers of the Prograrn Committee 
and other colleagues who were co-opted. The short period between the closing 
date for submissions and the Program Commit tee 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 facilities fÇ>r the PC meeting 
at Zuerich, and Max Egenhofer, Tok Wang Ling, Hongjun Lu, Ron Sacks-Davis, 
Hans Schek, Soon Kiang Wee, Yuk-Wah Tang-Kwong and Chung Kwong Yuen 
for their support. Finally, we thank Siew Foong Ho, Line Fong Loo and Ronghui 
Luo for their assistance in preparation of Calls for Papers and Participations, 
and Cuie Zhao for her assistance in preparation of this proceedings. 

Singapore, June 1993 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, SSD'93. Like re
search into database techniques in the storage and representation of knowledge 
during the eighties, databases 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, SSD'93 will do much to heighten 
regional awareness and promote international cooperation in research. As the 
reader can see from the table of contents the conference has attracted eminent 
keynote speakers and an active group of researchers to present their research, 
producing aItogether an excellent programme. 

1 wish to acknowledge the assistance and cooperation we received from the spon
soring organizations, the programme committee, the referees, and numerous 
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, 1 thank the publisher for the smooth production of the proceedings in 
time for distribution at the conference. 

C. K. Yuen 
SSD'93 General Chair 
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Spatial Data Management ln Database Systems: 
Research Directions 

Won Kim, Jorge Garza, Ali Keskin 
UniSQL, Inc. 

9390 Research Blvd. 
Austin, Texas 78759 

Abstract 

Spatial data management has been an active area of research during the past two 
decades, and resu~s of research into spatial data structures and research into 
mapping spatial data into records in relalional databases have found their way into 
commercial implementations of geographical information systems. However, no 
commercial database system today directiy supports spatial data management, in 
particular, data delinition and query lacilities for spatial data. The objective 01 this 
paper is 10 idenlily a number of key issues that need to be addressed in the nearterm 
belore we can expect to see a rich support 01 spatial data management in commercial 
database systems. 

1. Introduction 

During the past IWo decades management 01 spatial data has been an active area of research. A 
major locus of research has been on data structures lor storing and retrieving spatial data. The data 
structures which have been proposed include mullidimensional hash structures. such as the Grid File 
[NIEV84] (and Bang File [FREE87]. which is a variation of the Grid File); tree structures extended lor 
mu~idimensional point data, such as quad trees [FINK74, BENT75. SAME84]. K-D trees [BENT75] 
(also K-D B trees [ROBI81], which extends the K-Dtrees with secondary storage considerations; and 
spatial K-D trees [00190]); and tree structures extended lor rectangular objects, such as R-trees 
[GUTT84] (also R+ trees [STON83, FAL087. SELL87, GREE89]. R' trees [BECK90]. and Parallel 
R-trees [KAME92]. which are optimized/extended versions olthe R-trees), among others. The results 
of this line of research have lound their way into various commercial geographical inlormation systems 
(GIS). 

Another direction 01 research and development adopted du ring Ihe past decade has been the 
integralfon 01 spatial data management into relational database systems. A number 01 GIS systems 
have been built on top 01 relational database systems to take advantage 01 the query facilities 01 
relational systems ta retrieve spatial data that is mapped ta tuples in tables. PSQL [ROUS88], 
SIRQ-DBMS [ABEL89]. GEQ-VIEW [WAUG89] and Generation 5 [GEN90] are relalively recent 
systems that have been buitt on top of relational systems. 

ln view of the fact that spatial data management has been an active area 01 research in the 
database field fortwo decades. il is surprising thattoday there is no commercial database system that 
directiy supports spatiàl data management. In particular, no commercial database system provides 
facilities fordirectly defining spatial data and formulating queries based on search conditions on spatial 
data. As a consequence, no commercial database system provides a data structure lor spatial data. 
This has fueled the recent research trend in spatial data management in extending the architecture of 
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2 

current database systems to accommodate management oi ODih spa,!a~ and aspaHai data ,{ORE86J 

00/90, AREF91]. 

The objective 01 tllis paper IS 10 providedireclions lorfurther rasasreh in spatial data management 
w~h the. view 10 promoting direct suppnrt 01 spatial data management lacililies in future database 
systems. Breadly, we believalhe lol/awiog are the relevant issues on which near-Ierm researcn should 
ilelocused. 

Rrs!, anhcugh numerous data structures have been proposed for spatial data storage, and some 
performance analysis worl< on sorne 01 the data structures Ilas been done, a lot more worl< needs ta be 
done on experlmental validalion of their relative performance, wfthconsideration 01 a much broaderset 
of operations than jus! a lew Iypica! operations. 

Second, relalional query oplimizallon techniques needte be exlendedlo dealwith spatial queries, 
lha! iS,queries tha/contain search conditions on spatial data. In particular, a reasonable cost model for 
computing lhe selectivfty 01 spatial pred/cates needs to be deve!oped. 

Thlrd, il Is difficu!t 10 build into a single database system mulliple data structures for spatial 
indexing, and ail spatial.operators Ihal are use/ul for a wide variely al spatial applicalions; as such, il is 
desirable io buile! a de.'abase system 50 thaUt will ile as easy as possible io e<tend the system wlln 
additional data structures and spatial operators. 

Fourih, sorne aspects of the oeject-oriented paradigm need to be applied to extend the CU Trent 
capabi!iUes of rslaliona! database systems. These include support lor arbitra!'! data types in a data 
,jefinilion language, and management (bythe database system) afabjects in the application workspace 
(virtualmemory) loaded Irom the database. Performance consequences of Ihese lor spatial data 
management need la be unders!ood belter. 

ln the remainder of Ihis paper, we will explore each of these issues il) !lJrn in some datai!. 

2. Spatial Indexing 

Of the known daia structures. R-lrees seem lobe fhe maSI populaclor Sloring non-poinl abjects 
(in particular, reCiangutar regions). Oued trees and K-D Irees necessitaie conversion of spalial data 
into point dala in a mullidimensional sPece. R-trees are an extension cI6-!rees lor multidimensional 
objects. As sucll, Illey have the logarithm performance behavior lor secondary--stocage-resident 
indexes. R-Irses, al!hough developed lor a dalabase of 2-<llmensional r.ectangular cbjects. can be 
generalized,lspeciallzed la accommodate point objects and k-dimensional (k > 2) objects. One serious 
proolem wilh R-trees Is Iha! ij a!!ows bounding ïectangles 10 overlap. SinGe objects within an 
ovenapped area oelong 10 only one of Ihe bounding rectangles, in general multiple branches of the 
index tree nsad 10 be Iraversed. Some oplimizalion techniques have baen suggesled in the literature for 
R-trees [ROUSB5, SELLa7, BECK90j. 

cCll1lcm'rency and recovery 

Current proposais for R-tr"e variants do nollake intoaccoun! concurrency control and recovery. 
in particu/ar. Ihe splilling and merging of index pages will need 10 be designed wi!h the view to 
maximizing concurrency (i.e. number 01 concurrent users) and minimizing the ovethead fOf recovery 
even while guaranteeing recoverabilily. 

performance stl.ldies 

Althoughsame work has been done on the relative pertormance 01 the R-tree variants and sorne 
other data structures [ROUS85, SELlal, FAL087, GREES9, BECK90, HOEL92j, ij is not clear il the 
resl.li1s are conclusive< Them- are. a 1ew prob!ems witt! the current results. FirSî, most of the currant 
performance sludies are no! based on act",,! impiementations oflhe data struclureswiihin a full-blown 
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