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Abstract: Several major databasesystemsprovide extensionsto supportthe man-
agementindanalysisof spatialdatain arelationaldatabasesystem[IBM02, Ora01,
IBMO01]. Thefunctionalityis alsostandardizedéh ISO/IEC 13249SQL/MM. This pa-
per presentgart 3 of the standardanddiscussedt critically. The spatialdatatypes
andmethodson thesetypesare explained. The Information Schemashaving spatial
columnsandspatialreferencesystemsis animportantpartfor the handlingof spatial
data.lt is describedn the paperaswell.

1 Intr oduction

ISO/IEC 13249 SQL/MM is the effort to standardizeextensionsfor multi-mediaand
application-speci cpackagesn SQL. SQL, asde ned in [ISO99, is extendedto man-
agedatalik e texts, still images,spatialdata,or to performdatamining. The standards
groupednto severalparts.

Part 1 is the frameawork for all the subsequenpartsandde nes the de nitional mecha-
nismsand conventionsusedin the otherpartsaswell the commonrequirementghat an
implementatioh hasto adhereto if it wantsto supportary oneof the extensionsde ned
in the standardPart 2 is the full-text standardwhich is concernedboutthe mechanisms
to provide extendedtext searchcapabilities,above andbeyondthe operatorgprovided by
SQL,e.g. theLIKE predicatePart5 de nesthefunctionalityto managestill imagesand
part 6 is concernedvith datamining. The withdravn part4 addressedjeneralpurpose
facilities.

ISO/IEC 13249-3SQL/MM Part 3: Spatial[ISO024 is the internationalstandardthat
de nes how to store,retrieve and processspatialdatausing SQL. It de nes how spatial
datais to berepresentedsvalues,andwhich functionsareavailableto corvert,compare,
andprocesghis datain variousways.

1The SQL standardsisethetermimplementatiorio referto a programthatimplementgheinterfacesde ned
by the standard Commonly animplementatioris arelationaldatabassystem.



The rst versionof thestandardvaspublishedn 1999.1n theyearssincethen,severalen-
hancementwereaddedo thedocumentandthe secondversionis now availableasFinal
Draft InternationalStandardFDIS). It is expectedhatit will bepublishedasinternational
Standard1S) in thenearfuture.

In this paper geometriedik e points, lines, and polygons—orcompositeghereof-arealso

referredto asspatialdata Geometriesanbeusedin mary differentapplicationdomains.
Themodelasspeci edby the SQL/MM standards applicableto avarietyof differentdata
spaces.The spatialreferencesystemassociatedor a geometryidenti es the dataspace
usedfor thatgeometry For example,it de nes whethera geometrymodelsa geographic
featureor someother moreabstracfeature.

The mostcommoncasewherespatialdatais usedin practicearegeographignformation
systems(GIS). There, the term geometryis usedto denotethe geometricfeaturesthat
cartographersiave usedfor the pastcenturiesto mapthe world. An abstractde nition
of the meaningof geographiggeometryis “a point or aggreyateof pointsrepresenting
featureon the ground. Thus, a geometryis—usually—amodel of a geographideature.
The modelcan be expressedn termsof the features coordinates. The model corveys
information;for example,the coordinatesdentify the positionof the featurewith respect
to x edpointsof reference.

In thenon-geographiapplicationsageometrycanidentify, for example afeaturein astill
imagewhereno relationto the earthcanbe established Anotherexamplearelocations
insidea grocerystore. Although a relationto the earthcould be computedbasedon the
latitudesandlongitudes a preferredrepresentatioffior anapplicationmight only referto
thelocationswith respecto a x edpointin the store,e.g. the south-eastorner

The SQL/MM standards dividedinto clausesTheclause$ thru 9 describehegeometry
typesandthe methodsrovidedfor eachtype. The InformationSchemabasedn aDe -
nition Schemds de ned in clausel4. Theremainingclauseswhich arenot describedn
this paper explain the underlyingspatialconceptsthe anglesanddirectionhandling,and
the Statecodesandconformanceulesfor productshatimplementthe standard.

Severalproductsxist, whichimplementspatialextensiondor relationaldatabaseystems.
For example,the DB2 SpatialExtenderis availablefor IBM's DB2 UniversialDatabase
(UDB), theIDS SpatialDataBladeand GeodeticDataBladeor IBM' s Informix Dynamic
Sener (IDS), andOracleoffersthe Oracle9 Spatialproduct.At shouldbe notedthatthe
list given hereonly shows the more commonlyknown productsand additionalproducts
canbefoundaswell.

The paperexplainsanddiscusseshe contentof the main clausesn the standardn more
detail. Section2 shavs which spatialdatatypesexist, how they areorganizedandwhich
functionalityis providedfor eachtype. Two shortexamplesshav how to usethe spatial
functionality in a relationaldatabasén section3. Like ary otherpartof SQL/MM, the
Spatialstandarccontainsan InformationSchema-Theviews in thatInformationSchema
arelistedin sectiond. Thepaperis completedvith asummaryandoutlookonthepossible
future developmentof the standardn sectionb.



2 Spatial Data Types
2.1 History

Therootsof the SQL/MM Spatialstandardaredirectly apparenin thetypehierarchy The
standardvasoriginally derivedfrom the OpenGISSimpleFeaturesSpeci cationfor SQL
[OGC9Y, alsopublishedin the year1999 asversion1.1 by the OpenGISConsortium
(OGC). The Simple FeatureSpeci cation de nes a so-called”"GeometryModel”. The
geometrymodelconsistof a classhierarchywhichis shovnin gure 1.
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Figurel: OpenGISGeometryClassHierarchy

The geometrymodelis an abstractmodel. It is usedto de ne the relationshipbetween
the variousclassesandto establishthe inheritancerulesfor the methodsworking on the
instance®f the classesaandsubclasseskFor example,the methodAreais de ned for the
classSurfaceandis availablefor all instance®f Surface Polygon andfurthersubclasses,
whereaghemethodExteriorRingis only de ned onthesubclas$olygonand,thus,cannot
beusedfor arbitraryinstance®f theclassSurface

The SQL/MM standardusesconsistentlythe pre x ST_for all tables,views, types,meth-
ods,andfunctionnames.Thepre x stoodoriginally for SpatialandTemposl. It wasin-
tendedn theearlystage®f thestandardlevelopmento de ne acombinatiorof temporal
andspatialextension.A reasorfor thatwasthatspatialinformationis very oftentied with
temporaldata]SWCD98,SWCD97 RA01,TJS97. Duringthedevelopmenbf SQL/MM
Spatial,it wasdecidedthat temporalhasa broaderscopebeyond the spatialapplication
andshouldbe a partof the SQL standard1SO99 asSQL/Temporal[ISO01]. The con-



tributorsto SQL/MM did not wantto move forward with a Spatio-temporasupportuntil
SQL/Temporaldeveloped? In the meantime, thefocusof spatialstandardied on keeping
it alignedwith the OGC speci cationandthe standardslevelopedby the technicalcom-
miteelSO/TC 211, for example[ISO023 1SO021. Thepre x ST for the spatialtables,
types,and methodswas not changediuring the organizationathangef the standards,
however. Today onemightwantto interpretit asSpatialType

2.2 Geometry Type Hierar chy

The OGC geometryclasshierarchyis adaptedor the correspondingQL type hierarchy
thatis de ned in the SQL/MM standard Figure2 shawvs the standardizedype hierarchy
Theshadedypesarethenot-instantiableypes® All typesareusedto represengeometric
featuredn the2-dimensionaspaceR ).

ST_Geometry
A
ST_Surface ST_Curve ST_Point ST.GeomCollection
A A
ST_CurvePolygon ST_MultiSurface ST_MujtiCurve ST_MultiPoint
. s
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Figure2: SQL TypeHierarchy

The major differencesbetweenthe SQL type hierarchyand the OGC geometryclass
hierarchyare the omissionof the derived typesLine and LinearRing and the addition

2sQL/Temporalasnotary furtherdevelopedand,like SQL/MM Part, subsequentlyvithdravn completely
31t is implementation-de nedvhether ST.MultiCurve and ST.MultiSurfaceare instantiableor not, even
thoughthey areshavn asnot-instantiablen gure 2.



of a seriesof types. Lines andlinear rings areto be representedising valuesof type
ST LineString which coversboth cases.The new typesextendthe OGC geometryclass
hierarchywith circulararcsascurvesandsurfacesthathave circulararcsastheir bound-
ary. Furthermorethe aggrejationsthat re ect which typesare usedby othertypesare
not shavn. For example,it is not obvious from the SQL type hierarchythat the type
ST MultiPoint consistof ST Point values.

ST Point valuesare 0-dimensionabeometriesandrepresenbnly a singlelocation. Each
point consistsof an X anda'Y coordinateto identify thelocationin therespectie spatial
referencesystem.Pointscanbe usedto modelsmallreal-world objectslik e lamp postsor
wells. ST_MultiPoint valuesstandfor a collectionof singlepoints. The pointsin a multi-
point do not necessariljhave to be distinctpoints. Thatmeansa multi-point supportssets
asin thestrict mathematicasensehut alsoallows for multi-setlike SQL doesin general.

Curvesarel-dimensionageometriesThe standardlistingiushedetweerST_LineString
ST CircularString and ST.CompoundCurveAn ST LineStringis de ned by a sequence
of points, pairs, which de ne the referencepoints of the line string. Linearin-
terpolationbetweerthe referencgointsde nestheresultinglinestring. Thatmeanstwo
consecutre pointsde ne a line segmentin the linear string. Circular insteadof linear
interpolationis usedfor ST_CircularStringvalues. Eachcircular arc sggmentconsistsof
threepoints. The rst point de nes the startpoint of the arc, the seconds ary pointon
the arc, otherthanthe startor end point, andthe third point is the end point of the arc.
If thereis morethanonearcin the circular string, the end point of one arc actsasthe
startpoint of the next arc. A combinationof linear and circular stringscanbe modeled
usingthe ST.CompoundCurveype. Line sgmentsand circular sggmentscan be con-
catenatednto a single curve. STMultiCurve valuesrepresent multi-setof ST .Curve
and ST-MultiLineStringa multi-setof ST LineStringvalues.Notethatthereareno types
ST MultiCircularString and ST_MultiCompoundString Figure 3 illustratessomeexam-
plesof the threedifferenttypesof curves.
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Figure3: Examplesof Curves



Surfaces,as 2-dimensionalgeometriesare de ned in the sameway as curves using a
sequencef points. The boundaryof eachsurfaceis a curve, or a setof curvesif the
surfacehasary holesin it. Theboundaryof asurfaceconsistf asetof rings,whereeach
ring is acurve. Thetype ST_.Curvemlygonstandsor sucha generalizegurface,andthe
subtypeST Polygonrestrictsthe conditionsfor therings of theboundaryto linear strings.
ThetypesST MultiSurfaceandST_MultiPolygonareusedto modelsetsof curve polygons
or polygonswith linearboundarie€. A curve polygonanda polygonwith linearstringsas
its boundaryareshovnin gure 4.

(a) Curve Polygon (b) Polygon

Figure4: Examplesf Polygons

Thetypehierarchydoesnotaddresshe concepiof emptygeometriesn form of aseparate
typeunderST.Geometry An emptygeometryrepresenainemptysetof points,andit can

betheresultof theintersectiorof two disjoint polygons.Thestandardallows thata value

of eachof the instantiabletypescanbe an empty geometry Thus,empty points,empty

linestrings,emptypolygons,andemptygeometrycollectionsetc. exist. If a methodhas

thereturnanemptygeometryasits resultandthe mostspeci ¢ typeis notinherentby the

method thenanemptypointis generatedimplicit or explicit castscanbeusedto corvert

emptygeometriesrom onetypeto another

2.3 Methods

The majority of all spatialmethodscanbe groupedinto one of the following four cate-
gories:

cornvertbetweergeometrieandexternaldataformats,
retrieve propertieor measurefrom ageometry

comparawo geometriesvith respecto their spatialrelation,

4ST MultiSurfaceconstrainsts valuesto containonly disjoint surfaces.



generateew geometriegrom others

Examplesanddescriptiondor eachof thecategyoriesaregivenin this section.Sometimes,
it is not trivial to assigna spatialmethodto only a single category. For instance,the

methodST_StartPint, which returnsthe rst point of a linestring, retrievesa propertyof

thelinestring,i. e. the rst point, but it alsogenerates new geometryi. e. an ST Point

value.

2.3.1 Convert to and from External Data Formats

The SQL/MM standardde nes threeexternaldataformatsthat canbe usedto represent
geometriesn animplementation-independéefashion.

well-known text representatio(WKT)
well-known binaryrepresentatio(WKB)

geographynarkuplanguagg GML)

Eachtype implementsconstructormethodsthat allow to generatea nev geometryfrom
the given WKT or WKB andthe, optionally, provided numericspatialreferencesystem
identi er. All instantiabletypeshave suchconstructomethods.Thereareno constructor
methodsthat copewith the GML representation.Functionslike ST.LineFromGML or
STMPointFromGMLareusedinstead.

For backward compatibility, the standardalsode nesfunctionslike ST PointFromext or
ST.GeometryFomWKBwith exactly the samepurposeasthe constructomethodsThose
functionswere inheritedfrom and remainfor compatibility with the OpenGISSimple
FeatureSpeci cationfor SQL [OGC99. The constructomethodswereintroducedater
in the processf the standarddevelopmentto align part 3 of SQL/MM with otherparts,
andalsoto improve the overall usability of the constructors.

ThethreemethodsST Asext, ST AsBinary andSTAsGMLareprovidedfor the corver-
sionof ageometryto therespectie externaldataformat.

2.3.2 Retrieve Properties

All geometrieshave certainproperties. A propertyis, for example,the dimensionor if
a geometryis empty Eachof the subtypesaddsfurther, more speci ¢ properties,for
example theareaof apolygonor whetheracurveis simple’. A setof methodwasde ned
to querythoseproperties.Due to the high numberof availablemethodsponly a smallset
of exampless givenhere.

ST_Boundary returntheboundaryof ageometry

5A simplecurwe is de ned to benotself-intersecting.



ST._IsValid testwhethera geometryis valid, i. e. correctlyde ned; aninvalid geometry
couldbeanot-closedolygon

ST.IsEmpty testwhethera geometryis empty
ST_X returnthe X coordinateof a point
ST.IsRing testwhetheracurveis aring, i. e. thecurveis closedandsimple

ST_Length returnthelengthfor alinestringor multi-linestring

2.3.3 Compare Two Geometries

A veryinterestingpartin spatialqueriescomesrom thecomparisorof geometriesQues-
tionslike “which buildings arein a ood zone” or “where areintersection®f rail roads
andstreets’canonly beansweredf thegeometriesepresentinghebuildings, ood zones,
rail roads,andstreetsarecomparedvith eachother

Thestandardie nesthefollowing setof method4o comparegeometriesn variousways.
ST Equals testthe spatialequalityof two geometry
ST_Disjoint testwhethertwo geometrieslo notintersect

ST.Intersects ST_Crossesand ST_Owerlaps testwhethertheinteriorsof thegeometries
intersect

ST_Touches testwhethenwo geometriesouchattheir boundariesbut do notintersecin
theirinteriors

ST_Within and ST_Contains testwhetheronegeometryis fully within the other

All of theabore methodseturnanINTEGERvalue,whichis 1 (one)if thespatialrelation
doesexist, and0 (zero)otherwise.

Additionally, the methodST Distanceexists, which quanti es the spatialrelationshipof
two geometriesccordingto their distance.

2.3.4 GenerateNew Geometries

The last setof methodsallows the userto generatenenv geometriefrom existing ones.
A newly generatedyeometrycanbetheresultof a setoperationon the setof pointsrep-
resentedy eachgeometryor it canbe calculatedby somealgorithmappliedto a single
geometry Thefollowing methodsareexamplesfor both.

ST Buffer generatea buffer ata speci c distancearoundthe givengeometry
ST_CorvexHull computethecorvex hull for ageometry

ST_Difference ST_Intersection and ST_Union constructhedifferencejntersectionpr
unionbetweerthe point setsde ned by two geometries



2.4 Discussion

An obsenation of the type hierarchyasde ned by the SQL/MM standardraisesseveral
guestion®n the designdecisionghatweremade.

2.4.1 OGC Geometry Model

The OGC geometryclasshierarchyattemptsto implementthe compositedesignpattern
[GHJIV9Y by addingthe classCollection Without the subclassesinderCollectionand
an additionalaggreyation of Geometry the patternwould t exactly. A simpli cation
of the type hierarchycould have beenachiezed with the omissionof all the subclasses
of Collectionwithout ary lossof functionality. All the methodsthatare de ned on the
subclassesf Collectionhave the samesimplelogic. The samemethodis calledfor each
element(alsocalledpart) of the collection,andtheresultsarecombined.

Anotherdrawback of this way of modelingthe classeds that a future extensionof the
geometrymodelrequireghehandlingof thenew geometriesn two differentplaces First,
the new classhasto be addedunderGeometry andseconda correspondinglasshasto
beaddedfor setsof suchageometryunderCollection

2.4.2 SQL TypeHierarchy

A different picture shaws the implementationof the OGC geometryclasshierarchyas
the SQL/MM type hierarchy SQL is a set-orientedanguage. An importantgoal of a
standardshouldbe the usability of the functionality de ned. Iteratingover the elements
of acollectionasdiscusse@boveis, althoughpossible notassimplein SQL. A dynamic
compoundstatemenbr a recursve queryhasto be usedfor theiteration. The respectie
methodontheelemenbf acollectionhasto beinvokedduringtheiteration,andtheresults
areto be combined. Leaving thattaskup to the userwill only leadto the userde ning
thosefunctionshimselfto preventtherepetitionof thattask.

Furthermoreconsiderthe following typical userscenario:The SQL queryis supposedo
returnall the partsof thegeometriesn columnspatial _column thatfall into acertain
rectangle Therectangldn questionis representedsinga polygon.

SELECT ST _Intersection(ST_Polygon(
‘polygon((10 10, 10 20, 20 20, 20 10,
10 10)), 1), spatial_column)
FROM spatial_table
WHERE ...

Assumingthatthe columncontainsvaluesof type ST_-MultiPoint, the resultsof the query
cancontainary of thefollowing for eachrow:

anemptygeometry(emptypoint)



asinglepoint

multi-points

In the above query the resultscan be retrieved and visualizedon the screen. Further
processinghe resultsin an SQL statements, however, not completelytrivial. Because
ST Point andST MultiPoint arein two independensubtree®f thetypehierarchyonly the

methodsavailableonthecommonancestoST_Geometrycanbeused.A conversionof the

singlepointsto multi-pointswith only a singleelementis not supportedy the standard.
It only supportghe conversionof emptygeometriesrom onetypeto another

A solutionto addresghis issuemight be to setthe typesST Point and ST_-MultiPoint in
directrelationshipby usinginheritance.Interpretingthatin the contet of the SQL type
hierarchygives: ST MultiPoint is a specializedST.GeomCollectionwhich only contains
points,and ST_Point is a specializedST_MultiPoint, consistingof only a single point. A
similary approachcan be implementedor the othertypes,which arenot in the subtree
underST.GeomCollectionFigure5 shavs how suchatype hierarchycouldbede ned.

ST_Geometry

A

o

ST_MultiSurface ST_MultiCurve ST_MultiPoint
ST_MultiPolygon ST_MultiCircString ST_MultiLineString ST_Point
ST_Polygon ST.CircularString ST_LineString

Figure5: Modi ed TypeHierarchy

A similar ideawas apparentlythe basedfor the type hierarchyimplementedn the Spa-
tialWare DataBladefor IDS product[Map02. The DB2 SpatialExtenderde nes a type
hierarchyexactly asin thestandardbut it omits someof the optionaldatatypes[IBM02].
And yet a third approacho handlegeometriestemsfrom the Oracle9 Spatialproduct
[Ora01. It doesnot attemptto modela type hierarchyto re ect morespeci ¢ properties
of the differentkinds of geometriedout usesa single type SDO Geometryinstead. No



supportfor strongtyping basednthegeometrieganbeenforcedn suchanervironment,
but othermeanshave to be used.

2.4.3 Methodsonthe Geometry Types

The SQL/MM standardorovidesa rich setof methodsandfunctions.But it canbe noted
thatsomeadditionsandchangesvould resultin a furtherimprovement.

The standardde nes constructormethodsthat can handlewell-known text (WKT) and
well-known binary (WKB) representationdt doesnot allow for a handlingof the GML
representatiom a constructorhowever. The existing constructomethodsfor the well-
known text representatiorcould be reusedfor that, giventhat WKT and GML are both
a textual representatiofior geometriesand can easily be distinguishedoe analyzingthe
very rst non-whitespaceharacter The functionslike ST_PolyFromGML could thenbe
removed. They arenotde ned in the OGC SimpleFeaturespeci cation,sothatcompati-
bility issuedo notarise.

A setof functionsallows the userto constructany geometryusingoneof theexternaldata
formats. Thosefunctionsact like factory functionsand are namedST.GeomFomext,
ST.GeomkFomWKB and ST.GeomFomGML Insteadof usingthe explicit namesto de-
notethe formathandledoy eachfunction,anapproactsimilar to the constructomethods
is preferrable. An overloadedfunction ST.Geometrycan be de ned with the samese-
manticalbehaiour asthe existing functions. Note that constructormethodson the type
ST Geometrycannotbe usedbecause¢hattypeis notinstantiable.

There are several groupsof methodsthat provide (nearly) identical functionality. For
example themethodsST Intersects ST_CrossesandST Overlapsall testfor intersections
of theinteriorsof the two input geometries.The only differencebetweenthe methodss
that ST.Crossesdoesnot allow to testif a surfaceintersectssomeothergeometry or if
someothergeometryintersectsa point. ST Overlapsrequiresthatboth geometriego be
comparechave thesamedimension.For example aline canoverlapanotheline but nota
polygon.ST.Intersectds thegeneralizedersionof thefunctionalityto testfor theoverlay
of geometrieslt doesnotimposeary restrictiondn its input parametersT he existenceof
ST CrossesandST Overlapsis ratherquestionable.

Anotheromissioncanbefoundin the supportfor externaldataformats. The de-factoin-
dustrystandardo represengeometriess the so-calledshapegormat[ESR97. Theshape
formatis not supportedby the standardput it shouldbe consideredyiven that existing
major productsalreadysupportit [IBM02, IBM01].

3 Userscenarios

Two userscenariogor spatialfunctionality asde ned in the standardas shown in this
section.The rst scenariggivenin section3.1. Thesecondscenariadescribesow abank
canmanagédts customersand make decisionson the placemenbf new branchesanbe
foundin section3.2.



3.1 Insurance Company

After a recent ooding, an insurancecompaly wantsto correctthe information about
insuredbuildingsthatarein the ood zone,andposean increasedisk for the compaly.
Thedatabaseontainsonetablerivers  thatcontaingheriversandtheir ood zonesand
anothertablebuildings  with the datafor the buildings of all the policy holders.

rivers(name, water_amount, river_line, flood_zones)
buildings(customer_name, street, city, zip, ground_plot)

Thecolumnriver _line containthe linstringsthatrepresentll the riversin the coun-
try. Relatedto thatthe columnflood _zones shawsthe oodzonesfor eachriver. The
groundplot of the customers building is storedin thecolumnground _plot . Thetables
for theabove shavn relationalmodelcanbe createdwith thefollowing SQL statements.

CREATETABLE rivers  (

name VARCHAR(30) PRIMARY KEY,
water_amount DOUBLEPRECISION,

river_line ST_LineString,

flood_zones ST_MultiPolygon )

CREATE TABLE buildings (
customer_name VARCHAR(50) PRIMARY KEY,

street VARCHAR(50),
city VARCHAR(20),
zip VARCHAR(10),
ground_plot ST _Polygon )

The rst taskis to updatethe informationaboutthe ood zones.The ood zonesfor the
river“FLOOD” is to beextendedby 2 kilometersin eachdirection. ThemethodST.Buffer
is usedin thefollowing SQL statemento extendthe ood zonesby the speci edradius.

UPDATE ivers
SET flood_zones =
flood_zones.ST_Buffer(2, 'KILOMETER")

WHERE name = 'FLOOD'

In the next step,the compary wantsto nd all the customerghatarenow in the extended
ood zonefor theriver. An SQL statemeninvolving the spatialmethodST.Overlapscan
beusedtoto nd all thosebuildings.

SELECT customer_name,  street, city, zip
FROM  buildings AS b, rivers ASTr
WHERE b.ground_plot.ST_Within(r.flood_zo nes) =1

Thesoretrievedaddressesanbefurtherprocessedandthecustomersanbeinformedof
ary changedo their policy or otherinformation.



3.2 Banking

A bankmanagests customersand branches.Eachcustomercanhave one or moreac-
counts,and eachaccountis managedy a branchof the bank. To improve the quality
of servicesthe bankperformsananalysisof its customerswhich alsoinvolvesa spatial
componentthe locationsof the customers homesandthe branches.The tablesin the
bank’s databasehave thefollowing de nition.

CREATETABLE customers ( CREATETABLE branches (
customer_id INTEGER branch_id INTEGER
PRIMARY KEY, PRIMARY KEY,
name VARCHAR(20), name VARCHAR(12),
street VARCHAR(25), manager VARCHAR(20),
city VARCHAR(10), street VARCHAR(20),
state VARCHAR(2), city VARCHAR(10),
zip VARCHAR(5), state VARCHAR(2),
type VARCHAR(10), zip VARCHAR(5),
location ST_Point); location ST_Point,
zone ST_Polygon);
CREATETABLE accounts (
account_id INTEGER PRIMARY KEY,
routing_no INTEGER NOT NULL,
customer_id INTEGER NOT NULL,
branch_id INTEGER NOT NULL,
type VARCHAR(10) NOT NULL,
balance DECIMAL(14, 2) NOT NULL,

CONSTRAINTfk_customers FOREIGN KEY (customer_id)
REFERENCESustomers(customer_id),

CONSTRAINTfk_branches FOREIGN KEY (branch_id)
REFERENCESbranches(branch_id) );

The rst querydeterminesll customersvith anaccountbalancdargerthan$10,000.4n
ary of theaccountaandwho live morethan20 milesaway from their branch.

SELECT DISTINCT c.customer _id, c.name
FROM customers AS c JOIN accounts AS a ON
( c.customer_id = a.customer_id )

WHERE a.balance > 10000 AND
a.location.ST_Distance(
( SELECT b.location
FROM  branches
WHERE b.branch_id = a.branch_id ),
'MILES) > 20



The bankwantsto nd all the portionsof the assignedsaleszonesof the brancheghat
overlap. It is not intendedto have morethanonebranchassignedo a certainarea,and
ary duplicatesareto be found andcorrected.The queryretrievestheidenti ers for each
two brancheghathave anoverlapin the zonesandalsothe overlappingarea,encodedn

thewell-known text representation.

SELECT b1l.branch_id, b2.branch_id,
bl.zone.ST_Overlaps(b2.zone).ST_AsTe xt()
FROM branches AS bl JOIN branches AS b2 ON
( bl.branch_id < b2.branch_id )
WHERE bl.zone.ST_Overlaps(b2.zone).ST_ISEm pty) =0

To reducecompetitionamoungsthe branchedor its own customersthe bankwantsto
nd all thecustomershatlive within a 10 mile radiusof abranch whichdoesnotmanage
theiraccountsTheaccountareto betransferredo a closerbranchif thecustomemagrees.

SELECT c.name, c.phone, b.branch_id
FROM branches AS b, customers AS c

WHERE b.location.ST_Buffer(10, 'MILES").
ST_Contains(c.location) = 1 AND
NOT EXISTS (
SELECT 1

FROM accounts AS a
WHERE a.customer _id = c.customer _id AND
a.branch_id = b.branch_id )

4 Information Schema

SQL/MM Part3: Spatialde nesaninformationSchemado provideanapplicationthatuses
the spatialextensionwith a mechanisnio determinghe supportecandavailablefeatures.
The Information Schemaconsistsof four views, which are explainedhere, after a short
introductiononthe history.

4.1 History

The SQL/MM Information Schemawas also inherited from the OGC Simple Feature
Speci cation for SQL [OGC99. The OGC speci cation usedad still usesthe views
GEOMETRYOLUMNSNdSPATIAL _REF.SYSwith adifferentsetof columnsanddif-

ferentsemanticof thedatashawvn in theview.

The OGCspeci cationdescribeswo completelydifferentconceptscalledervironments,
that can be usedfor the implementationof a spatial extensionfor a databasesystem,
basednwhetherstructuredypes,so-calledADTSs, aresupportedr not. Thelnformation



Schemdor the ervironmentwithout structuredypesis morecomplex becauseadditional
informationhasto be maintained.

For the secondervironmentthat exploits the structuredtype support,which is in align-

mentwith the SQL/MM standardthe OGC speci cationrefersin the descriptionfor the
GEOMETRXOLUMNSIew only backto the otherervironmentandstates:the columns
in the GEOMETRY _COLUMNS metadataview for the SQL92with GeometryTypesen-
virconmentarea subsebf thecolumnsin the GEOMETRY _COLUMNS view de ned for

the SQL92ervironment. It is not exactly clearwhatthe subseis supposedo be.

The original Information Schemade ned in the SQL/MM standardvas basedon those
information. For example,the view GEOMETRYZOLUMN$cludeda column named
COORIDIMENSION which hasno well-de ned meaningwhenstoringarbitrarygeome-
tries on a spatialcolumn. The original views werereplacedby a new de nition of the
InformationSchemain the secondedition of the SQL/MM standard.The following sec-
tionsreferto the newly introducedviews.

4.2 SQL/MM Spatial Information Schema

The SpatiallnformationSchemaconsistsof 4 views thatlist the spatialcolumns the sup-
ported spatialreferencesystems the units of measureand the implementation-de ned
meta-\ariables. The entity-relation-shipdiagramin gure 6 shows thoseviews andalso
their relationshipto theviews de ned in the InformationScheman [ISO99.

ST.GEOMETRY_ ST_SRATIAL _REFE-
COLUMNS RENCESYSTEMS
ST_UNITS_OF.
MEASURE
COLUMNS (SQL99) ST_SIZINGS

Figure6: SpatialinformationSchema

ST_GEOMETRY_COLUMNS Theview lists all columnsin all tablesthathave a de-
claredtypeof ST.Geometryor oneof its subtypeslt is notnecessarjo associat@aspeci ¢
spatialreferencesystemwith a column,but anapplicationcando so. The view shovs the



columnidenti er, consistingof catalog,schematable,andcolumnname,andtheidenti-
fying nameandthe numericidenti er of the spatialreferencesystemassociatedvith the
column.

Theview is writtenin suchaway to querytheview COLUMNSom the SQL Information
Schemao retrieve theinfermationaboutall existing spatialcolumnsandthenmemesthe
SRSinformationfor eachof the columnsthathasan associatedpatialreferencesystem
usinganouterjoin.

ST_SPATIAL _REFERENCE_SYSTEMS A spatialreferencesystemhastwo unique
identi ers, anameanda numericidenti er. The nameis usedin the sameway asfor all
otherSQL objectslik e schematafunctions,or columns.The numericidenti er is usedin
themethoddhatrequirethe SRSinformationasinput, for instanceio construcageometry
in aspeci ¢ SRSor to transforma geometryto anotherSRS.

Along with the identi ers, the view representshe organizationthat de ned this spatial
referencesystemtogetherwith theidenti er assignedy thatorganizationandthe actual
de nition of the SRS.

ST_UNITS_OF_MEASURE Differentunitscanbe usedto calculatedistancedetween
geometriesthelengthof curves,or theareaof surfaces.Theview liststhoseunitsthatare
supportedAn identifying namethetype of theunit (angularor linear),andthecorversion
factorto the baseunit within eachtypeis stored.The corversionfactorfor the baseunits
in eachtype arealways1 (one).

ST_SIZINGS Similartothe SQL99InformationSchemaview SIZINGS , the SQL/MM

standardequireghatanimplementatiorcreatesview ST_SIZINGS . Thisview contains
the spatial-speci cmeta-\ariablesand their values. An example of a meta-ariableis

the maximumpossiblelengththat canbe usedfor a well-known text representationf a

geometry This meta-\ariableis calledST.MaxGeometryAskt.

4.3 Discussion

Two views in the InformationSchemashouldbe reconsideredbecauseheir currentde -
nition is notadequateFirst, theview ST_SPATIAL REFERENCEYSTEMSisesavery
simpli ed way to managespatialreferencesystems.The EuropearPetrolSurwey Group
(EPSG)worked on a moreexpressve schemdor spatialreferencesystemswhichis also
describedn anothedSO standard1SO024, althoughin a differentcontext.

Theview ST_SIZINGS hasthe sameintentionastheview SIZINGS de nedin SQL99
[1ISO99, only specializedor thefacilitiesin SQL/MM Spatial.If SQL99would providea
mechanisnfor implementationsf otherstandardsncludingSQL/MM to addnew entries
toitsview, thenST_SIZINGS becomesbsoleteandcouldberemovedfromthe SQL/MM



standard. Unfortunately SQL99 doesnot describethe requestednechanismsso both
views arestill necessary

5 Summary and Outlook

SQL/MM Part 3: Spatial standardizeshe storing, retrieving and processingof spatial
dataaspartof arelationaldatabaseystem.It de nes a setof typesandmethodsor the
representatioof 0, 1, or 2-dimensionabeographideatures.

The SQL/MM standards expectedo bepublishedn its secondrersionin the nearfuture.
Thesecondrersionshavsimprovementdor the InformationSchemandaddsthesupport
for the GeographyMarkup Language(GML) and anglesanddirections. It alsode nes
mary functionsin a moreprecisemanner

This paperdescribedhe facilities de ned in the standardanddiscussedhemcritically.
The implementedype hierarchyis suitablefor its purpose but togethemwith the strong
typing andthe set-orientedlatamanagemerimposedbe SQL, it incorvenienceshe spa-
tial dataprocessing.The methodsprovided for eachtype cover a wide rangeof spatial
functionality The multitude of methodsleadto the situationwherefunctionality is al-
readyduplicated(with very minor differences).

Somefuturedirectionsof the SQL/MM Spatialstandardalreadyshow in the new working
draft that was startedrecentlyandwill eventuallybecomethe third versionof the stan-
dard. The Japanesstandarde€ommitteesupplieda changeproposalthataddsa function
ST_ShortestBth, which calculateghe shortespathin a network (or graph)of linestrings
betweertwo givenpoints.

Additional functionalitythatimplementanorespatialorientedlogic couldbeincludedas
well in the future. For example,a function ST_Nealestto nd for a givengeometrythe
nearesbnefrom anothersetof geometriess desirable Theusercousdexploit it to getthe
answergo questiondike“ nd methe closestestauranto my currentlocation”.

The supportfor modi cation of geometrieglirectly in the databasesystemusing spatial
methodscanbe extended.Thereareno simplefunctionsto changea pointin alinestring,
or to generalizegeometriesf it is too detailed,i. e. too mary pointsare usedto de ne
it. Existing productsalreadysupportmethodslike SE Chang\értex or SE Genealize
[IBMO1].

Openquestionsalsoremainwith respectto other SQL standards.For example,the In-
formation Schemade ned in the SQL/MM Spatialstandardcontainsinformation about
the spatialreferencesystemsapplicablefor geometriestoredin the samedatabasasthe
InformationSchema.The accesgo externaldatastoresusing SQL/MED [ISO0Q is not
consideredoday

The supportfor rasterdata,for examplehugeimagestakenfor whole countriesimposes
specialrequirement®n a spatialdatabaseGeographicalnformation SystemgGIS) rely

on rasterdatato provide additionalinformationfor the user The currentSQL/MM stan-
darddoesnot considerrasterdataat all, andthe needednfrastructureshouldbe de ned.
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