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PREFACE 

This volume wnt.a.ins papers w1ic1 have been selected for pn'!s .. ntation at the Firth International 
Confp.rence on Stati~tical and Scientific rh,ta,h~,ses (V SSDBM), hcld in Charlotte, :-l"orth C~,rolina, 
April 3 5, 199U. The ConfNPuce was hostcd by UNC-Charlotte and sponsored by: UKC-Charlotte; 
Kational Aerom,ntics and Space Administration; Statistkal Office of th", European Communities-
1,~!mOSTAT (Luxembourg); Ente Na:>;ionale Energi", Alternative (Italy): StatistiŒ Sw.,rleJl; :\fiCH)
ekx;tronics Center of Nort.h Carolina; Illtcrwüional Association for St,at.istical COlllput,Îng; Depart
ment of StatiRtk~ (New Zealand); and Istituto di Anali~i el"'; Sistemi ed Informatica dei CNR (Italy). 

The Conff<Tfmr.e has b"""l1 organized by the Departmfmt. of Compulcr Science of the UUIver~it,y 
of North C .. uolina at Charlotte wit.h the following Ol"gani~ing Committee: K.-w. Chen (U)fC-C); 
S. Chen (UNC-C); L Groves (VU\V-WdIington)j R. Lejk (l'Ne-C), Z. Mkhalewicz (Conference 
Chairman, UNC-C): Z. Ra~ (UNC-C)j and M. Zema,nkova (NSF "ud UT-Knoxville). 

The V ssnBM contiLJ.ueù ,he series of eonferenr.AA ~t<l,rted nille y<:ars ago in California (19Rl ~,nrl 

1983), theu il! Europe (Luxembourg, 19R6, and ROnl"', 1988). The purpose of thi~ r.onference wu:, 

to bring together dataha;<;", researcher,;, u~crs, and system builder.~, working in thj~ ~pccific area of 
activity, to .-!iRCUSS the particular issues of interffit, t.a propose new ~olutions to the problem~ nf t,h .. 
~,rea, and to exknd the themes of t.hp. previous cOllfcn,'Ilccs, both from the theorp.t.ical and from lhe 
application point of view. 

The contributed pap"'r" ha,ve be"ll ~dcctcd by the following l'rogra.m Comlllitiœ: S. Chen (l'NC
Cl; R_ Cnhitt (EUROSTAT, Luxembourg); S. Ghosh (ID"M, SanJo~c); H. Hinterberger (l'TOgr~m COl 
chain.uall, ETH Zurich, Swib;erla,nrl.); J. Klemin (MIT); F. Malvestuto (!<;NEA, Italy); ~1. McLelsh 
(Guelph, Can~,.-!h); Z. Michale\\'ic~ (U~C-C)j G_ 07"~oyoglu (Case \Vedern Reserve "Cniversity); l'v1. 
Hhfa,nelli (IASI-CNR, Italy); D. Rotem (!-'wgram Co-chainnan, Lawrence Berkp.ley Laboratory); Y. 
Sutu (Tokyo, Japan); A_ Sho~hani (Lawl"cucc Berkeley Laboratory); D. SWldgl"ell (Stockholm, ::'we
den); P. Svenson (Studwuhn, Sweden): and A. Weôtlake (Universüy of London, UR). Ail <'lCceptoo 
pap<''l"ll were reviewed hy a,t lea.st tlu""",, and, in many cases, hr ~even melllben of the Program 
CommiHee. Only 13 papers were accepted for presentatiol!. Thcse papers cover a, wide area of IC

sNn;h [or statistical and sdentifie dataùa~Œ: objeet oriented datah~.8e sYl't.ems, ~"'Ulantîc modelling, 
deduetive matht'UIlatical dalabascs, security of stat.i~ti(;~,l databa~e:;, impIementational iSSlH".S for f(.J 
entille databab'-~, kmporal summary t~ hie managemenl, graphieal and visllaJ interfaces fOl' :;lalistical 
databases, query opt.imi:>;ation, distl"ibutcd databases, anel er:onomic and &",ugraphieal databasp.,. 

There were also two panel ~essions: the first on,,", cm Sdentifie Daia _~lanagement for /{nman 
Gf-nllme. Applicalirms, ehaired by A. Sboshani (Lawrence Berkeley Labora,t.ory), the othcr one on 
Expert StatisticaI5'y,~tf.ms, chaired by Roger Cubitt (EUIf.oSTAT). AJJilionally, there was a pre 
sAnt.ation On the f','SF Scient.fir. {)aiabaSf WQlt.slwp by James C. Fr~nr.h, Anita K. Joncs, and John 
L. Pfaltz (Institut.e of ParaUd Computation). The reports from the pandE 1Il1d the preôenta,tion will 
appe.ar in the IEEE Data Engineering !Jlll!etin. 

Finally, 1 wish to express my thanks to Won Kim (Microelectronir$ and Computer Corporation); 
Doron Rotem (Lawrence Berkeley Laboratory)j Andrew Wffltlake (University of London); and :\,faria 
Zemankova, (NSF and CT-Knoxville), who g.'l.Ve invitcd Lalks at the V SS!l!lM. l would like also to 
"''lq>ress my appreciation to all V SSDBM spoIl.Sors, to ail who suhmit.ted pitp<.TI for presentat.;on at 
the conference and in thi" proeeeding:>, to the V SSDHM OrgaJl.ÎzÎnl'j Committee, and ta a,1l of thu~~ 
who eontribut.oo ta the sympooillill program-in particular to Doron Rotem (I.a,wrence Berkeley 
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IV 

Laboratory) and Hall~ Hiuterberger (ETH Zurich) who served a.1S program co-chairmCll. lu addition, 
1 would lik~ T,Q thank M. HadzikaJic (l:;,{(;-C), F. Olken (Lawfcuc<: Berkel..,y Laboratory), L. M. 
Pfau (ETH Zurich, Swiberland) and A. Sr.:gev (Lawrenœ Berkeley Labor"Jol'Y) for th .. ü help in 
refereeing papers. 1 would like to ~,r:knowledge the nHluy useful commfmts l receivoo [rolll Arie 
Shoshani (L",wrence Berkeley Lahoralory), Roger Cubitt (EUROSTAT), Zbignip.v,,· Ras (LNe-C), 
and John Klcnsln (MIT). r\'ly further thanks go to Hall.6 Wl',-~~ner at Springer-Vcrlag, without whoF,e 
help the present volume could nat ha,ve been completed. Ou a mûre p .... rsonallevel, my speciallhanks 
goes ta Illy wif.., }iva for her enthu~iillim aud help in organizing the conference. 

Charlotte, N.e., Nowmher 20th, 1989 

Zbigniew Mîchalc\\'icz 
V SSDllM ChaÎrman 
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OBJECT -ORIENTED APPROACH TO MANAGING 
STATISTICAL AND SCIENTIFIC DATABASES 

Won KIm 

M/croefectronics and Computer Techno/OQY Corporation 
3500 West Ba/canes Center Drive 

Austin, Texas 78759 

The surging intemst in object-oriented programmll1g has givan riss to a flurry of reoent rc·· 

search and development efforts in objlJ<.Jt-oriented databases. In this paper we discU3S capa

bllities and limitatiorlS of objecl-orlented database sysloms thet 9UPPOrt et sel of core object-o

rionled modelinQ concepts, and illustraIs thase aspects of COrA abjecl oriented database sys

tems tha! are partioularly appropriala for mllnaging large slatistlcal and sCÎenllfio databaS9S, 

1. INTRODUCTION 

The rapidly increasinQ use of object-orientod concepts in various components of software technology has 

naturally necessitated objoot-oriented database systems_ An object-oriented database system is a persistent 

and sharable reposltory and ml'lnilgor of lin objeot-orlented database; an object-oriented database is a nollec

tlon of objects deflned by an objeot-oriented data mndel, lhat is, objeots that capture the semanties 01 abjects 

supperted in obJect-oriented programmlng. Object-oriented concepts ferro" good basls for a rich data model 

for the next-get1cratiot1 database applications, sueh as computer-aided design and cngineering systems, 

artillelsl intelligence. office informalion systems, and advanced humfl.n interface systems. The reason is that 

object-orianted ccncepts already incillde data modcling ooncepts found in conventional database languageS. 

such as grouplng objects Into a elass (corresponding to groupit1ÇJ rccords into a record type, or tuples into a 

relation), aOQrogalion reletionships between .. n abject and objects It consists of (nested obj"ctsl. and general

ization relationships b .. tweet1 a class of abjects and clas~,,,,s 01 obJ"<.lts speciallzed Irem il Th9 filct that an 

object--on«flted data mOdel inclllrJ9s the aggr«Qation and generalization relationships means thet an object-o

rlented database system provides a user interface for the dofirlltion and manlplliation 01 the relatiot1shipS 

among objects. This in tllrn means thal appllc"tion programmers need not expllcltly program end manage 

thes9 relationships. Fer example, the aggr9gal"Ion relat"lonshlp o's the bas'Is of the recllrsive def,nition of a uom

[.Jlex objeot in terms of other objects. Tilis makes it possible tO succes~lvely ref,ne tr,s representatlon 01 com

plex abjects oft",n lound in sllch applicationR as computef-"ided design and engineering .. nd compuund docu

ments. 

ln thls paper, we providc a dsjinition 01 an object_oriented rI"ta model "fld object-orlented databas9 

syslems in Seotions 2 and 3. respectivAly (lM; I-'art 01 the paper Is largely taken fram il tecllnical "rtiole this 

author has prepared for publicOltion in a trade jOllrnal in early 1330.) Then in Sections 4 and 5, WA discllss 

capabilities and limitatiOns 01 an abject oriented data model in managing- statir.tinal and scientit"lc databases. 

Seclion 8 closes the paper with a historical pempRctlve on object-oriented database systems. 

2. AN aBJECT-ORIENTED DATA MODEl 

Despit9 the high level of "clivilics "irned at the potel"ltlal marketplace for object-nrieflted database sys

lems, cumllltly there is no standard object-orientAd data model. and lhus no stundard object-orientsd data

base languagA. Howovor, if one sxamines existing object-oriented programming lanou"DoS, knowledge repre-
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