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Abstract: Several major databasesystemsprovide extensionsto supportthe man-
agementandanalysisof spatialdatain a relationaldatabasesystem[IBM02, Ora01,
IBM01]. Thefunctionalityis alsostandardizedin ISO/IEC13249SQL/MM. Thispa-
per presentspart 3 of the standardanddiscussesit critically. The spatialdatatypes
andmethodson thesetypesareexplained.TheInformationSchema,showing spatial
columnsandspatialreferencesystems,is animportantpartfor thehandlingof spatial
data.It is describedin thepaperaswell.

1 Intr oduction

ISO/IEC 13249 SQL/MM is the effort to standardizeextensionsfor multi-media and
application-speci�cpackagesin SQL. SQL, asde�ned in [ISO99], is extendedto man-
agedatalike texts, still images,spatialdata,or to performdatamining. The standardis
groupedinto severalparts.

Part 1 is the framework for all the subsequentpartsandde�nes the de�nitional mecha-
nismsandconventionsusedin the otherpartsaswell the commonrequirementsthat an
implementation1 hasto adhereto if it wantsto supportany oneof theextensionsde�ned
in thestandard.Part 2 is thefull-text standard,which is concernedaboutthemechanisms
to provide extendedtext searchcapabilities,above andbeyondtheoperatorsprovidedby
SQL,e.g. theLIKE predicate.Part5 de�nesthefunctionalityto managestill images,and
part 6 is concernedwith datamining. The withdrawn part 4 addressedgeneralpurpose
facilities.

ISO/IEC 13249-3SQL/MM Part 3: Spatial [ISO02c] is the internationalstandardthat
de�nes how to store,retrieve andprocessspatialdatausingSQL. It de�nes how spatial
datais to berepresentedasvalues,andwhich functionsareavailableto convert,compare,
andprocessthis datain variousways.

1TheSQLstandardsusethetermimplementationto referto aprogramthatimplementstheinterfacesde�ned
by thestandard.Commonly, animplementationis a relationaldatabasesystem.



The�rst versionof thestandardwaspublishedin 1999.In theyearssincethen,severalen-
hancementswereaddedto thedocument,andthesecondversionis now availableasFinal
Draft InternationalStandard(FDIS).It is expectedthatit will bepublishedasInternational
Standard(IS) in thenearfuture.

In this paper, geometrieslike points,lines,andpolygons–orcompositesthereof–arealso
referredto asspatialdata. Geometriescanbeusedin many differentapplicationdomains.
Themodelasspeci�edby theSQL/MM standardis applicableto avarietyof differentdata
spaces.The spatialreferencesystemassociatedfor a geometryidenti�es the dataspace
usedfor thatgeometry. For example,it de�neswhethera geometrymodelsa geographic
featureor someother, moreabstractfeature.

Themostcommoncasewherespatialdatais usedin practicearegeographicinformation
systems(GIS). There, the term geometryis usedto denotethe geometricfeaturesthat
cartographershave usedfor the pastcenturiesto mapthe world. An abstractde�nition
of themeaningof geographicgeometryis “a point or aggregateof pointsrepresentinga
featureon the ground.” Thus,a geometryis–usually–amodel of a geographicfeature.
The modelcanbe expressedin termsof the feature's coordinates.The modelconveys
information;for example,thecoordinatesidentify thepositionof thefeaturewith respect
to �x edpointsof reference.

In thenon-geographicapplications,ageometrycanidentify, for example,afeaturein astill
imagewhereno relationto the earthcanbe established.Anotherexampleare locations
insidea grocerystore. Although a relationto the earthcouldbe computedbasedon the
latitudesandlongitudes,a preferredrepresentationfor anapplicationmight only refer to
thelocationswith respectto a �x edpoint in thestore,e.g. thesouth-eastcorner.

TheSQL/MM standardis dividedinto clauses.Theclauses5 thru9 describethegeometry
typesandthemethodsprovidedfor eachtype.TheInformationSchema,basedon a De�-
nition Schemais de�ned in clause14. Theremainingclauses,which arenot describedin
this paper, explain theunderlyingspatialconcepts,theanglesanddirectionhandling,and
theStatescodesandconformancerulesfor productsthatimplementthestandard.

Severalproductsexist,whichimplementspatialextensionsfor relationaldatabasesystems.
For example,theDB2 SpatialExtenderis availablefor IBM' s DB2 UniversialDatabase
(UDB), theIDS SpatialDataBladeandGeodeticDataBladefor IBM' s Informix Dynamic
Server (IDS), andOracleofferstheOracle9

�

Spatialproduct.At shouldbenotedthatthe
list given hereonly shows the morecommonlyknown productsandadditionalproducts
canbefoundaswell.

Thepaperexplainsanddiscussesthecontentof themainclausesin thestandardin more
detail. Section2 showswhich spatialdatatypesexist, how they areorganized,andwhich
functionality is providedfor eachtype. Two shortexamplesshow how to usethespatial
functionality in a relationaldatabasein section3. Like any otherpart of SQL/MM, the
SpatialstandardcontainsanInformationSchema.Theviews in that InformationSchema
arelistedin section4. Thepaperis completedwith asummaryandoutlookonthepossible
futuredevelopmentsof thestandardin section5.



2 Spatial Data Types

2.1 History

Therootsof theSQL/MM Spatialstandardaredirectlyapparentin thetypehierarchy. The
standardwasoriginally derivedfrom theOpenGISSimpleFeaturesSpeci�cationfor SQL
[OGC99], also publishedin the year 1999 as version1.1 by the OpenGISConsortium
(OGC). The Simple FeatureSpeci�cation de�nes a so-called”GeometryModel”. The
geometrymodelconsistsof a classhierarchy, which is shown in �gure 1.
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Figure1: OpenGISGeometryClassHierarchy

The geometrymodel is an abstractmodel. It is usedto de�ne the relationshipbetween
thevariousclassesandto establishthe inheritancerulesfor themethodsworking on the
instancesof theclassesandsubclasses.For example,themethodArea is de�ned for the
classSurfaceandis availablefor all instancesof Surface, Polygon, andfurthersubclasses,
whereasthemethodExteriorRingis onlyde�nedonthesubclassPolygonand,thus,cannot
beusedfor arbitraryinstancesof theclassSurface.

TheSQL/MM standardusesconsistentlythepre�x ST for all tables,views, types,meth-
ods,andfunctionnames.Thepre�x stoodoriginally for SpatialandTemporal. It wasin-
tendedin theearlystagesof thestandarddevelopmentto de�ne acombinationof temporal
andspatialextension.A reasonfor thatwasthatspatialinformationis veryoftentiedwith
temporaldata[SWCD98,SWCD97, RA01,TJS97]. Duringthedevelopmentof SQL/MM
Spatial,it wasdecidedthat temporalhasa broaderscopebeyond the spatialapplication
andshouldbe a part of theSQL standard[ISO99] asSQL/Temporal[ISO01]. The con-



tributorsto SQL/MM did not want to move forwardwith a Spatio-temporalsupportuntil
SQL/Temporaldeveloped.2 In themeantime, thefocusof spatialstandardlied onkeeping
it alignedwith theOGCspeci�cationandthestandardsdevelopedby the technicalcom-
miteeISO/TC211,for example[ISO02a, ISO02b]. Thepre�x ST for thespatialtables,
types,andmethodswasnot changedduring theorganizationalchangesof thestandards,
however. Today, onemightwantto interpretit asSpatialType.

2.2 GeometryTypeHierar chy

TheOGCgeometryclasshierarchyis adaptedfor thecorrespondingSQL typehierarchy
that is de�ned in theSQL/MM standard.Figure2 shows thestandardizedtypehierarchy.
Theshadedtypesarethenot-instantiabletypes.3 All typesareusedto representgeometric
featuresin the2-dimensionalspace(R

�

).
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Figure2: SQLTypeHierarchy

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

2SQL/Temporalwasnotany furtherdevelopedand,like SQL/MM Part,subsequentlywithdrawn completely.
3It is implementation-de�nedwhetherSTMultiCurve and STMultiSurfaceare instantiableor not, even

thoughthey areshown asnot-instantiablein �gure 2.



of a seriesof types. Lines and linear rings are to be representedusing valuesof type
ST LineString, which coversbothcases.Thenew typesextendtheOGCgeometryclass
hierarchywith circulararcsascurvesandsurfacesthathave circulararcsastheir bound-
ary. Furthermore,the aggregationsthat re�ect which typesareusedby other typesare
not shown. For example, it is not obvious from the SQL type hierarchythat the type
ST MultiPoint consistsof STPoint values.

ST Point valuesare0-dimensionalgeometriesandrepresentonly a singlelocation. Each
point consistsof anX anda Y coordinateto identify thelocationin therespective spatial
referencesystem.Pointscanbeusedto modelsmallreal-world objectslike lamppostsor
wells. ST MultiPoint valuesstandfor a collectionof singlepoints.Thepointsin a multi-
point donotnecessarilyhave to bedistinctpoints.Thatmeansa multi-pointsupportssets
asin thestrict mathematicalsense,but alsoallows for multi-setlike SQLdoesin general.

Curvesare1-dimensionalgeometries.ThestandarddistingiushesbetweenST LineString,
ST CircularString, andSTCompoundCurve. An ST LineStringis de�ned by a sequence
of points, �������
	 pairs,which de�ne the referencepointsof the line string. Linear in-
terpolationbetweenthereferencepointsde�nes theresultinglinestring.Thatmeans,two
consecutive pointsde�ne a line segmentin the linear string. Circular insteadof linear
interpolationis usedfor STCircularStringvalues.Eachcirculararcsegmentconsistsof
threepoints. The �rst point de�nes thestartpoint of thearc, thesecondis any point on
the arc, otherthanthe startor endpoint, andthe third point is the endpoint of the arc.
If thereis morethanonearc in the circular string, the endpoint of onearc actsas the
startpoint of the next arc. A combinationof linear andcircular stringscanbe modeled
using the ST CompoundCurvetype. Line segmentsand circular segmentscan be con-
catenatedinto a singlecurve. STMultiCurve valuesrepresenta multi-setof ST Curve,
andSTMultiLineStringa multi-setof ST LineStringvalues.Notethat thereareno types
ST MultiCircularStringandST MultiCompoundString. Figure3 illustratessomeexam-
plesof thethreedifferenttypesof curves.
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Surfaces,as 2-dimensionalgeometries,are de�ned in the sameway as curves using a
sequenceof points. The boundaryof eachsurfaceis a curve, or a set of curves if the
surfacehasany holesin it. Theboundaryof asurfaceconsistsof asetof rings,whereeach
ring is a curve. ThetypeSTCurvePolygonstandsfor sucha generalizedsurface,andthe
subtypeSTPolygonrestrictstheconditionsfor theringsof theboundaryto linearstrings.
ThetypesST MultiSurfaceandSTMultiPolygonareusedto modelsetsof curvepolygons
or polygonswith linearboundaries.4 A curvepolygonandapolygonwith linearstringsas
its boundaryareshown in �gure 4.
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Thetypehierarchydoesnotaddresstheconceptof emptygeometriesin form of aseparate
typeunderST Geometry. An emptygeometryrepresentanemptysetof points,andit can
betheresultof theintersectionof two disjointpolygons.Thestandardallows thata value
of eachof the instantiabletypescanbe an emptygeometry. Thus,emptypoints,empty
linestrings,emptypolygons,andemptygeometrycollectionsetc. exist. If a methodhas
thereturnanemptygeometryasits resultandthemostspeci�c typeis not inherentby the
method,thenanemptypoint is generated.Implicit or explicit castscanbeusedto convert
emptygeometriesfrom onetypeto another.

2.3 Methods

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

� convertbetweengeometriesandexternaldataformats,

� retrievepropertiesor measuresfrom a geometry,

� comparetwo geometrieswith respectto their spatialrelation,

4STMultiSurfaceconstrainsits valuesto containonly disjoint surfaces.



� generatenew geometriesfrom others

Examplesanddescriptionsfor eachof thecategoriesaregivenin thissection.Sometimes,
it is not trivial to assigna spatialmethodto only a single category. For instance,the
methodSTStartPoint, which returnsthe�rst point of a linestring,retrievesa propertyof
the linestring,i. e. the �rst point, but it alsogeneratesa new geometry, i. e. an STPoint
value.

2.3.1 Convert to and fr om External Data Formats

The SQL/MM standardde�nes threeexternaldataformatsthat canbe usedto represent
geometriesin animplementation-independent fashion.

� well-known text representation(WKT)

� well-known binaryrepresentation(WKB)

� geographymarkuplanguage(GML)

Eachtype implementsconstructormethodsthat allow to generatea new geometryfrom
the given WKT or WKB andthe,optionally, providednumericspatialreferencesystem
identi�er. All instantiabletypeshave suchconstructormethods.Thereareno constructor
methodsthat copewith the GML representation.Functionslike ST LineFromGML or
ST MPointFromGMLareusedinstead.

For backwardcompatibility, thestandardalsode�nes functionslike ST PointFromText or
ST GeometryFromWKBwith exactly thesamepurposeastheconstructormethods.Those
functionswere inheritedfrom and remain for compatibility with the OpenGISSimple
FeatureSpeci�cationfor SQL [OGC99]. Theconstructormethodswereintroducedlater
in theprocessof thestandarddevelopmentto align part 3 of SQL/MM with otherparts,
andalsoto improvetheoverallusabilityof theconstructors.

ThethreemethodsST AsText, ST AsBinary, andSTAsGMLareprovidedfor theconver-
sionof a geometryto therespectiveexternaldataformat.

2.3.2 RetrieveProperties

All geometrieshave certainproperties.A propertyis, for example,the dimensionor if
a geometryis empty. Eachof the subtypesaddsfurther, more speci�c properties,for
example,theareaof apolygonor whetheracurveis simple5. A setof methodwasde�ned
to querythoseproperties.Dueto thehigh numberof availablemethods,only a smallset
of examplesis givenhere.

ST Boundary returntheboundaryof a geometry

5A simplecurve is de�ned to benotself-intersecting.



ST IsValid testwhethera geometryis valid, i. e. correctlyde�ned; an invalid geometry
couldbea not-closedpolygon

ST IsEmpty testwhetherageometryis empty

ST X returntheX coordinateof a point

ST IsRing testwhethera curve is a ring, i. e. thecurve is closedandsimple

ST Length returnthelengthfor a linestringor multi-linestring

2.3.3 CompareTwo Geometries

A veryinterestingpartin spatialqueriescomesfrom thecomparisonof geometries.Ques-
tions like “which buildings arein a �ood zone” or “whereareintersectionsof rail roads
andstreets”canonlybeansweredif thegeometriesrepresentingthebuildings,�ood zones,
rail roads,andstreetsarecomparedwith eachother.

Thestandardde�nesthefollowing setof methodsto comparegeometriesin variousways.

ST Equals testthespatialequalityof two geometry

ST Disjoint testwhethertwo geometriesdonot intersect

ST Intersects, ST Crosses, and ST Overlaps testwhethertheinteriorsof thegeometries
intersect

ST Touches testwhethertwo geometriestouchat theirboundaries,but donot intersectin
their interiors

ST Within and ST Contains testwhetheronegeometryis fully within theother

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

Additionally, themethodST Distanceexists,which quanti�es thespatialrelationshipof
two geometriesaccordingto their distance.

2.3.4 GenerateNew Geometries

The last setof methodsallows the userto generatenew geometriesfrom existing ones.
A newly generatedgeometrycanbetheresultof a setoperationon thesetof pointsrep-
resentedby eachgeometry, or it canbecalculatedby somealgorithmappliedto a single
geometry. Thefollowing methodsareexamplesfor both.

ST Buffer generatea buffer at a speci�c distancearoundthegivengeometry

ST ConvexHull computetheconvex hull for a geometry

ST Dif ference, ST Intersection, and ST Union constructthedifference,intersection,or
unionbetweenthepointsetsde�ned by two geometries



2.4 Discussion

An observationof the typehierarchyasde�ned by theSQL/MM standardraisesseveral
questionson thedesigndecisionsthatweremade.

2.4.1 OGC GeometryModel

The OGC geometryclasshierarchyattemptsto implementthe compositedesignpattern
[GHJV95] by addingthe classCollection. Without the subclassesunderCollectionand
an additionalaggregationof Geometry, the patternwould �t exactly. A simpli�cation
of the type hierarchycould have beenachieved with the omissionof all the subclasses
of Collectionwithout any lossof functionality. All the methodsthat arede�ned on the
subclassesof Collectionhave thesamesimplelogic. Thesamemethodis calledfor each
element(alsocalledpart) of thecollection,andtheresultsarecombined.

Anotherdrawbackof this way of modelingthe classesis that a future extensionof the
geometrymodelrequiresthehandlingof thenew geometriesin two differentplaces.First,
thenew classhasto beaddedunderGeometry, andsecond,a correspondingclasshasto
beaddedfor setsof suchageometryunderCollection.

2.4.2 SQL TypeHierar chy

A differentpicture shows the implementationof the OGC geometryclasshierarchyas
the SQL/MM type hierarchy. SQL is a set-orientedlanguage.An importantgoal of a
standardshouldbe theusability of the functionalityde�ned. Iteratingover theelements
of a collectionasdiscussedabove is, althoughpossible,notassimplein SQL.A dynamic
compoundstatementor a recursive queryhasto beusedfor the iteration. Therespective
methodontheelementof acollectionhasto beinvokedduringtheiteration,andtheresults
areto be combined.Leaving that taskup to the userwill only leadto the userde�ning
thosefunctionshimselfto preventtherepetitionof thattask.

Furthermore,considerthefollowing typical userscenario:TheSQL queryis supposedto
returnall thepartsof thegeometriesin columnspatial column thatfall into acertain
rectangle.Therectanglein questionis representedusinga polygon.

SELECT ST_Intersection(ST_Polygon(
'polygon((10 10, 10 20, 20 20, 20 10,

10 10)), 1), spatial_column)
FROM spatial_table
WHERE ...

Assumingthatthecolumncontainsvaluesof typeSTMultiPoint, theresultsof thequery
cancontainany of thefollowing for eachrow:

� anemptygeometry(emptypoint)



� asinglepoint

� multi-points

In the above query, the resultscan be retrieved and visualizedon the screen. Further
processingthe resultsin an SQL statementis, however, not completelytrivial. Because
ST Point andST MultiPoint arein two independentsubtreesof thetypehierarchy, only the
methodsavailableonthecommonancestorST Geometrycanbeused.A conversionof the
singlepointsto multi-pointswith only a singleelementis not supportedby thestandard.
It only supportstheconversionof emptygeometriesfrom onetypeto another.

A solutionto addressthis issuemight be to setthe typesST Point andST MultiPoint in
direct relationshipby usinginheritance.Interpretingthat in thecontext of theSQL type
hierarchygives: ST MultiPoint is a specializedSTGeomCollection, which only contains
points,andSTPoint is a specializedST MultiPoint, consistingof only a singlepoint. A
similary approachcanbe implementedfor the othertypes,which arenot in the subtree
underSTGeomCollection. Figure5 showshow sucha typehierarchycouldbede�ned.
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A similar ideawasapparentlythe basesfor the type hierarchyimplementedin the Spa-
tialWareDataBladefor IDS product[Map02]. The DB2 SpatialExtenderde�nes a type
hierarchyexactlyasin thestandard,but it omitssomeof theoptionaldatatypes[IBM02].
And yet a third approachto handlegeometriesstemsfrom theOracle9

�

Spatialproduct
[Ora01]. It doesnot attemptto modela typehierarchyto re�ect morespeci�c properties
of the differentkinds of geometriesbut usesa single type SDOGeometryinstead. No



supportfor strongtypingbasedonthegeometriescanbeenforcedin suchanenvironment,
but othermeanshave to beused.

2.4.3 Methodson the GeometryTypes

TheSQL/MM standardprovidesa rich setof methodsandfunctions.But it canbenoted
thatsomeadditionsandchangeswould resultin a furtherimprovement.

The standardde�nes constructormethodsthat canhandlewell-known text (WKT) and
well-known binary(WKB) representations.It doesnot allow for a handlingof theGML
representationin a constructor, however. The existing constructormethodsfor the well-
known text representationcould be reusedfor that, given that WKT andGML areboth
a textual representationfor geometriesandcaneasilybe distinguishedbe analyzingthe
very �rst non-whitespacecharacter. The functionslike ST PolyFromGMLcould thenbe
removed.They arenotde�ned in theOGCSimpleFeaturespeci�cation,sothatcompati-
bility issuesdonotarise.

A setof functionsallows theuserto constructany geometryusingoneof theexternaldata
formats. Thosefunctionsact like factory functionsand are namedST GeomFromText,
ST GeomFromWKB, andSTGeomFromGML. Insteadof usingtheexplicit namesto de-
notetheformathandledby eachfunction,anapproachsimilar to theconstructormethods
is preferrable. An overloadedfunction STGeometrycan be de�ned with the samese-
manticalbehaviour asthe existing functions. Note that constructormethodson the type
ST Geometrycannotbeusedbecausethattypeis not instantiable.

Thereare several groupsof methodsthat provide (nearly) identical functionality. For
example,themethodsST Intersects, STCrosses, andST Overlapsall testfor intersections
of the interiorsof the two input geometries.Theonly differencebetweenthemethodsis
that ST Crossesdoesnot allow to test if a surfaceintersectssomeothergeometry, or if
someothergeometryintersectsa point. STOverlapsrequiresthatbothgeometriesto be
comparedhavethesamedimension.For example,a line canoverlapanotherline but nota
polygon.ST Intersectsis thegeneralizedversionof thefunctionalityto testfor theoverlay
of geometries.It doesnot imposeany restrictionsin its inputparameters.Theexistenceof
ST CrossesandST Overlapsis ratherquestionable.

Anotheromissioncanbefoundin thesupportfor externaldataformats.Thede-factoin-
dustrystandardto representgeometriesis theso-calledshapeformat[ESR97]. Theshape
format is not supportedby the standard,but it shouldbe consideredgiven that existing
majorproductsalreadysupportit [IBM02, IBM01].

3 User scenarios

Two userscenariosfor spatialfunctionality asde�ned in the standardasshown in this
section.The�rst scenariogivenin section3.1.Thesecondscenariodescribeshow abank
canmanageits customersandmake decisionson theplacementof new branchescanbe
foundin section3.2.



3.1 InsuranceCompany

After a recent�ooding, an insurancecompany wants to correct the information about
insuredbuildings thatarein the �ood zone,andposean increasedrisk for thecompany.
Thedatabasecontainsonetablerivers thatcontainstheriversandtheir �ood zonesand
anothertablebuildings with thedatafor thebuildingsof all thepolicy holders.

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

Thecolumnriver line containthe linstringsthat representall the riversin thecoun-
try. Relatedto that thecolumnflood zones shows the�oodzonesfor eachriver. The
groundplot of thecustomer'sbuilding is storedin thecolumnground plot . Thetables
for theaboveshown relationalmodelcanbecreatedwith thefollowing SQL statements.

CREATE TABLE 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.ThemethodSTBuffer
is usedin thefollowing SQL statementto extendthe�ood zonesby thespeci�edradius.

UPDATE rivers
SET flood_zones =

flood_zones.ST_Buffer(2, 'KILOMETER')
WHERE name = 'FLOOD'

In thenext step,thecompany wantsto �nd all thecustomersthatarenow in theextended
�ood zonefor theriver. An SQL statementinvolving thespatialmethodSTOverlapscan
beusedto to �nd all thosebuildings.

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

Thesoretrievedaddressescanbefurtherprocessed,andthecustomerscanbeinformedof
any changesto their policy or otherinformation.



3.2 Banking

A bankmanagesits customersandbranches.Eachcustomercanhave oneor moreac-
counts,andeachaccountis managedby a branchof the bank. To improve the quality
of services,thebankperformsananalysisof its customers,which alsoinvolvesa spatial
component,the locationsof the customer's homesandthe branches.The tablesin the
bank'sdatabasehavethefollowing de�nition.

CREATE TABLE customers ( CREATE TABLE 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);

CREATE TABLE 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)

REFERENCEScustomers(customer_id),
CONSTRAINTfk_branches FOREIGN KEY(branch_id)

REFERENCESbranches(branch_id) );

The�rst querydeterminesall customerswith anaccountbalancelargerthan$10,000.-in
any of theaccountsandwho livemorethan20milesawayfrom 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 branchesthat
overlap. It is not intendedto have morethanonebranchassignedto a certainarea,and
any duplicatesareto be foundandcorrected.Thequeryretrievesthe identi�ers for each
two branchesthathave anoverlapin thezonesandalsotheoverlappingarea,encodedin
thewell-known text representation.

SELECT b1.branch_id, b2.branch_id,
b1.zone.ST_Overlaps(b2.zone).ST_AsTe xt()

FROM branches AS b1 JOIN branches AS b2 ON
( b1.branch_id < b2.branch_id )

WHERE b1.zone.ST_Overlaps(b2.zone).ST_IsEm pty() = 0

To reducecompetitionamoungstthe branchesfor its own customers,the bankwantsto
�nd all thecustomersthatlivewithin a10mile radiusof abranch,whichdoesnotmanage
theiraccounts.Theaccountsareto betransferredto acloserbranchif thecustomeragrees.

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 Inf ormation Schema

SQL/MM Part3: Spatialde�nesanInformationSchemato provideanapplicationthatuses
thespatialextensionwith a mechanismto determinethesupportedandavailablefeatures.
The InformationSchemaconsistsof four views, which areexplainedhere,after a short
introductionon thehistory.

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
GEOMETRYCOLUMNSandSPATIAL REF SYSwith a differentsetof columnsanddif-
ferentsemanticsof thedatashown in theview.

TheOGCspeci�cationdescribestwo completelydifferentconcepts,calledenvironments,
that can be usedfor the implementationof a spatialextensionfor a databasesystem,
basedonwhetherstructuredtypes,so-calledADTs, aresupportedor not. TheInformation



Schemafor theenvironmentwithout structuredtypesis morecomplex becauseadditional
informationhasto bemaintained.

For the secondenvironmentthat exploits the structuredtype support,which is in align-
mentwith theSQL/MM standard,theOGCspeci�cationrefersin thedescriptionfor the
GEOMETRYCOLUMNSview only backto theotherenvironmentandstates:“the columns
in theGEOMETRY COLUMNS metadataview for theSQL92with GeometryTypesen-
virconmentareasubsetof thecolumnsin theGEOMETRY COLUMNSview de�ned for
theSQL92environment.” It is notexactlyclearwhatthesubsetis supposedto be.

The original InformationSchemade�ned in the SQL/MM standardwasbasedon those
information. For example, the view GEOMETRYCOLUMNSincludeda column named
COORDDIMENSION, whichhasnowell-de�ned meaningwhenstoringarbitrarygeome-
tries on a spatialcolumn. The original views were replacedby a new de�nition of the
InformationSchemain thesecondeditionof theSQL/MM standard.Thefollowing sec-
tionsreferto thenewly introducedviews.

4.2 SQL/MM Spatial Inf ormation Schema

TheSpatialInformationSchemaconsistsof 4 views thatlist thespatialcolumns,thesup-
portedspatialreferencesystems,the units of measure,and the implementation-de�ned
meta-variables.The entity-relation-shipdiagramin �gure 6 shows thoseviews andalso
their relationshipto theviewsde�ned in theInformationSchemain [ISO99].
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Figure6: SpatialInformationSchema

ST GEOMETRY COLUMNS Theview lists all columnsin all tablesthathave a de-
claredtypeof STGeometryor oneof its subtypes.It is notnecessaryto associateaspeci�c
spatialreferencesystemwith a column,but anapplicationcandoso.Theview shows the



columnidenti�er, consistingof catalog,schema,table,andcolumnname,andthe identi-
fying nameandthenumericidenti�er of thespatialreferencesystemassociatedwith the
column.

Theview is written in sucha way to querytheview COLUMNSfrom theSQLInformation
Schemato retrievetheinfermationaboutall existingspatialcolumnsandthenmergesthe
SRSinformationfor eachof thecolumnsthathasanassociatedspatialreferencesystem
usinganouterjoin.

ST SPATIAL REFERENCE SYSTEMS A spatialreferencesystemhastwo unique
identi�ers, a nameanda numericidenti�er. Thenameis usedin thesameway asfor all
otherSQL objectslike schemata,functions,or columns.Thenumericidenti�er is usedin
themethodsthatrequiretheSRSinformationasinput,for instanceto constructageometry
in a speci�c SRSor to transformageometryto anotherSRS.

Along with the identi�ers, the view representsthe organizationthat de�ned this spatial
referencesystemtogetherwith the identi�er assignedby thatorganizationandtheactual
de�nition of theSRS.

ST UNITS OF MEASURE Differentunitscanbeusedto calculatedistancesbetween
geometries,thelengthof curves,or theareaof surfaces.Theview lists thoseunitsthatare
supported.An identifyingname,thetypeof theunit (angularor linear),andtheconversion
factorto thebaseunit within eachtypeis stored.Theconversionfactorfor thebaseunits
in eachtypearealways1 (one).

ST SIZINGS Similarto theSQL99InformationSchemaview SIZINGS , theSQL/MM
standardrequiresthatanimplementationcreatesaview ST SIZINGS . Thisview contains
the spatial-speci�cmeta-variablesand their values. An exampleof a meta-variableis
themaximumpossiblelengththat canbe usedfor a well-known text representationof a
geometry. Thismeta-variableis calledST MaxGeometryAsText.

4.3 Discussion

Two views in the InformationSchemashouldbereconsideredbecausetheir currentde�-
nition is notadequate.First, theview ST SPATIAL REFERENCESYSTEMSusesavery
simpli�ed way to managespatialreferencesystems.TheEuropeanPetrolSurvey Group
(EPSG)workedon a moreexpressiveschemafor spatialreferencesystems,which is also
describedin anotherISOstandard[ISO02b], althoughin a differentcontext.

Theview ST SIZINGS hasthesameintentionastheview SIZINGS de�ned in SQL99
[ISO99], only specializedfor thefacilitiesin SQL/MM Spatial.If SQL99wouldprovidea
mechanismfor implementationsof otherstandards,includingSQL/MM to addnew entries
to itsview, thenST SIZINGS becomesobsoleteandcouldberemovedfromtheSQL/MM



standard. Unfortunately, SQL99 doesnot describethe requestedmechanisms,so both
viewsarestill necessary.

5 Summary and Outlook

SQL/MM Part 3: Spatialstandardizesthe storing, retrieving and processingof spatial
dataaspartof a relationaldatabasesystem.It de�nes a setof typesandmethodsfor the
representationof 0, 1, or 2-dimensionalgeographicfeatures.

TheSQL/MM standardis expectedto bepublishedin its secondversionin thenearfuture.
Thesecondversionshowsimprovementsfor theInformationSchemaandaddsthesupport
for the GeographyMarkup Language(GML) andanglesanddirections. It alsode�nes
many functionsin a moreprecisemanner.

This paperdescribedthe facilities de�ned in the standard,anddiscussedthemcritically.
The implementedtype hierarchyis suitablefor its purpose,but togetherwith the strong
typing andtheset-orienteddatamanagementimposedbeSQL, it inconveniencesthespa-
tial dataprocessing.The methodsprovided for eachtype cover a wide rangeof spatial
functionality. The multitudeof methodsleadto the situationwherefunctionality is al-
readyduplicated(with veryminordifferences).

Somefuturedirectionsof theSQL/MM Spatialstandardalreadyshow in thenew working
draft that wasstartedrecentlyandwill eventuallybecomethe third versionof the stan-
dard. TheJapanesestandardscommitteesupplieda changeproposalthataddsa function
ST ShortestPath, which calculatestheshortestpathin a network (or graph)of linestrings
betweentwo givenpoints.

Additional functionalitythat implementsmorespatialorientedlogic couldbeincludedas
well in the future. For example,a function ST Nearest to �nd for a given geometrythe
nearestonefrom anothersetof geometriesis desirable.Theusercousdexploit it to getthe
answersto questionslike “�nd metheclosestrestaurantto my currentlocation”.

The supportfor modi�cation of geometriesdirectly in thedatabasesystemusingspatial
methodscanbeextended.Thereareno simplefunctionsto changea point in a linestring,
or to generalizegeometriesif it is too detailed,i. e. too many pointsareusedto de�ne
it. Existing productsalreadysupportmethodslike SEChangeVertex or SEGeneralize
[IBM01].

Openquestionsalsoremainwith respectto otherSQL standards.For example,the In-
formationSchemade�ned in the SQL/MM Spatialstandardcontainsinformationabout
thespatialreferencesystemsapplicablefor geometriesstoredin thesamedatabaseasthe
InformationSchema.Theaccessto externaldatastoresusingSQL/MED [ISO00] is not
consideredtoday.

Thesupportfor rasterdata,for examplehugeimagestakenfor wholecountries,imposes
specialrequirementson a spatialdatabase.GeographicalInformationSystems(GIS) rely
on rasterdatato provide additionalinformationfor theuser. ThecurrentSQL/MM stan-
darddoesnot considerrasterdataat all, andtheneededinfrastructureshouldbede�ned.
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