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Abstract

For too long S andsimilar dataanalysisenvironmentshave lackedgoodinterfaces
to relationaldatabasesystems(RDBMS).For thelasttwentyyearsor sotheseRDBMS
have evolvedinto highly optimizedclient-server systemsfor datastorageandmanipu-
lation,andcurrentlythey serve asrepositoriesfor mostof thebusiness,industrial,and
research“raw” datathat analystswork with. Otheranalysispackages,suchasSAS,
have traditionally provided gooddataconnectivity, but S andGNU R have relied on
intermediatetext files asmeansof importingdata(but see[7] and[6].) Althoughthis
simpleapproachworkswell for relatively modestamountsof mostlystaticdata,it does
notscaleupto largeramountsof datadistributedovermachinesandlocations,nordoes
it scaleup to datathat is highly dynamic– situationsthat arebecomingincreasingly
common.

Wewantto proposeacommoninterfacebetweenR/SandRDBMSthatwouldallow
usersto accessdatastoredon databaseservers in a uniform andpredictablemanner
irrespective of the databaseengine. The interfacedefinesa small setof classesand
methodssimilar in spirit to Python’s DB-API, Java’sJDBC,Microsoft’s ODBC,Perl’s
DBI, etc.,but it conformsto the“whole-object”philosophysonaturalin SandR.

1 Computing with Distrib uted Data

As dataanalysts,we areincreasinglyfacedwith the challengeof largerdatasourcesdis-
tributedover machinesandlocations;mostof thesedatasourcesresidein relationaldata-
basemanagementsystems(RDBMS).Theserelationaldatabasesrepresentamatureclient-
serverdistributedtechnologythatweasanalystscouldbeexploiting morethatwe’vedone
in the past. The relationaltechnologyprovidesa well-definedstandard,the ANSI SQL-
92[10], bothfor definingandmanipulatingdatain ahighlyoptimizedfashionfromvirtually
any application.

In contrast,S and Splushave provided somewhat limited tools for coping with the
challengesof largeranddistributeddatasets(Splusdoesprovideanimport() functionto
import from databases,but it is quitelimited in termsof SQLfacilities).TheR community
hasbeenmoreresourcefulandhasdevelopeda numberof goodlibraries for connecting
to mSQL, MySQL, PostgreSQL,andODBC; eachlibrary, however, hasdefinedits own
interfaceto eachdatabaseenginea bit differently. We think it would be to everybody’s
advantageto coordinatethe definition of a commoninterface,an effort not unlike those
takenin thePythonandPerlcommunities.

The goal of a common,seamlessaccessto distributed data is a modestone in our
evolutiontowardsafully distributedcomputingenvironment.Werecognizethegreatergoal
of distributedcomputingasthemeansto fully integratediversesystems– notjustdatabases
– into a truly flexible analysisenvironment. Goodconnectivity to databases,however, is
of immediatenecessityboth in practicaltermsandasa meansto help us transitionfrom
monolithic,self-containedsystemsto thosein which computations,not only thedata,can
be carriedout in parallelover a wide numberof computersand/orsystems[9]. Issuesof
reliability, security, locationtransparency, persistence,etc.,will benew to mostof usand
working with distributeddatamayprovide a moregradualchangeto easein the ultimate
goalof full distributedcomputing.

2



2 A Common Interface

We believe thata commoninterfaceto databasescanhelp userseasilyaccessdatastored
in RDBMS. A commoninterfacewould describe,in a uniform way, how to connectto
RDBMS, extract meta-data(suchas list of availabledatabases,tables,etc.) aswell asa
uniform way to executeSQL statementsandimport their outputinto R andS.Thecurrent
emphasisis onqueryingdatabasesandnotsomuchin afull low-level interfacefor database
developmentas in JDBC or ODBC, but unlike these,we want to approachthe interface
from the “whole-object” perspective [1] so naturalto R/S andPython– for instance,by
fetchingall fieldsandrecordssimultaneouslyinto a singleobject.

Thebasicideais to split the interfaceinto a front-endconsistingof a few classesand
genericfunctionsthat usersinvoke and a back-endset of database-specificclassesand
methodsthat implementtheactualcommunication.(This is a very well-known patternin
softwareengineering,andanothergoodexampleis thedevice-independentgraphicsin R/S
wheregraphicsfunctionsproducesimilar outputon a varietyof differentdevices,suchX
displays,Postscript,etc.)

Thefollowing exampleshows thefront-end:

> mgr <- dbManager("Oracle")
> con <- dbConnect(mgr, user = "user", passwd = "passwd")
> rs <- dbExecStatement(con,

"select fld1, fld2, fld3 from MY_TABLE")
> tbls <- fetch(rs, n = 100)
> hasCompleted(rs)
[1] T
> close(rs)
> rs <- dbExecStatement(con,

"select id_name, q25, q50 from liv2")
> res <- fetch(rs)
> getRowCount(rs)
[1] 73
> close(con)

Suchscriptsshouldwork with otherRDBMS(say, MySQL) by replacingthefirst line with

> mgr <- dbManager("MySQL")

2.1 Interface Classes

Thefollowing arethemainRS-DBI classes.They needto beextendedby individualdata-
baseback-ends(MySQL, Oracle,etc.)

dbManager : Virtual class2 extendedby actualdatabasemanagers,e.g.,Oracle,MySQL,
Informix.

2A virtual classallows us to group classesthat sharesomecommonfunctionality, e.g., the virtual class
“dbConnection” groupsall theconnectionimplementationsby Informix, Ingres,DB/2, Oracle,etc.Although
the detailswill vary from oneRDBMS to another, the definingcharacteristicof theseobjectsis what a virtual
classcaptures.R andS version3 do not explicitly definevirtual classes,but they caneasilyimplementthe idea
throughinheritance.
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dbConnection : Virtual classthatcapturesaconnectionto adatabaseinstance3.

dbResult : Virtual classthatdescribestheresultof anSQL statement.

dbResultSet : Virtual class,extendsdbResult to fully describetheoutputof those
statementsthatproduceoutputrecords,i.e.,SELECT (or SELECT-like) SQL state-
ment.

All theseclassesshouldimplementthemethodsshow, describe, andgetInfo:

show (print in R) printsa one-lineidentificationof theobject.

describe printsashortsummaryof themeta-dataof thespecifiedobject(likesummary()
in R/S).

getInfo takesanobjectof oneof theaboveclassesanda stringspecifyinga meta-data
item,andit returnsthecorrespondinginformation(NULL if unavailable).

> mgr <- dbManager("MySQL")
> getInfo(mgr, "version")
> con <- dbConnect(mgr, ...)
> getInfo(con, "type")

Thereasonwe implementthe meta-datathroughgetInfo in this way is to simplify the
writing of databaseback-ends. We don’t want to overwhelmthe developersof drivers
(ourselves,mostlikely) with hundredsof methodsasin thecaseof JDBC.

In addition,thefollowing methodsshouldalsobeimplemented:

getDatabases lists all availabledatabasesknown to thedbManager.

getTables lists tablesin a database.

getTableFields lists thefieldsin a tablein adatabase.

getTableIndices lists theindicesdefinedfor a tablein a database.

ThesemethodsmaybeimplementedusingtheappropriategetInfo methodabove.
In thenext few sectionswe describein detaileachof theseclassesandtheirmethods.

2.1.1 ClassdbManager

This classidentifiesthe relationaldatabasemanagementsystem.It needsto be extended
by individual back-ends(Oracle,PostgreSQL,etc.) The dbManager classdefinesthe
following methods:

load initializesthedrivercode.Wesuggesthaving thegenerator,dbManager("driver"),
automaticallyloadthedriver.

unload releaseswhateverresourcesthedriver is using.

getVersion returnsthe versionof the RS-DBI currentlyimplemented,plus any other
relevantinformationabouttheimplementationitself andtheRDBMS beingused.

3 Theterm“database”is sometimes(confusingly)usedbothto denotetheRDBMS,suchasOracle,MySQL,
andalsoto denotea particulardatabaseinstanceundera RDBMS,suchas“opto” or “sales”databasesunderthe
sameRDBMS.
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2.1.2 ClassdbConnection

This virtual classcapturesa connectionto a RDBMS, andit providesaccessto dynamic
SQL,resultsets,RDBMSsessionmanagement(transactions),etc.NotethatthedbManager
mayor maynot allow multiple simultaneousconnections.Themethodsit definesinclude:

dbConnect opensa connectionto the database"dbname". Other likely arguments
include"host", "user", and"password". It returnsan object that extends
dbConnection in adriver-specificmanner(e.g.,theMySQL implementationcre-
atesa connectionof classMySQLConnection that extendsdbConnection).
Note that we could separatethe stepsof connectingto a RDBMS and openinga
databasethere(i.e., openingan instance). For simplicity we do the 2 stepsin this
method.If theuserneedsto openanotherinstancein thesameRDBMS, just opena
new connection.

close closestheconnectionanddiscardsall pendingwork.

dbExecStatement submitsoneSQL statement.It returnsa dbResult object,and
in the caseof a SELECT statement,the objectalsoinheritsfrom dbResultSet.
ThisdbResultSet objectis neededfor fetchingtheoutputrowsof SELECT state-
ments.The resultof a non-SELECT statement(e.g.,UPDATE, DELETE, CRE-
ATE, ALTER, ...) is definedasthenumberof rowsaffected(this seemsto becom-
monamongRDBMS).

commit commitspendingtransaction(optional).

rollback undoescurrenttransaction(optional).

callProc invokesa storedprocedurein theRDBMS (tentative). Storedproceduresare
not part of the ANSI SQL-92 standardand possiblyvary substantiallyfrom one
RDBMS to another. For instance,Oracleseemsto have a fairly decentimplementa-
tion of storedprocedures,but MySQL currentlydoesnot supportthem.

dbExec submitanSQL “script” (multiple statements).May beimplementedby looping
with dbExecStatement.

dbNextResultSet WhenrunningSQL scripts(multiple statements),it closesthecur-
rent resultset in thedbConnection, executesthe next statementandreturnsits
resultset.

2.1.3 ClassdbResult

This virtual classdescribesthe resultof an SQL statement(any statement)andthe state
of theoperation.Non-querystatements(e.g.,CREATE, UPDATE, DELETE) setthe“com-
pleted”stateto 1, whileSELECT statementsto 0. Errorconditionssetthisslot to anegative
number. ThedbResult classdefinesthefollowing methods:

getStatement returnstheSQLstatementassociatedwith theresultset.

getDBConnection returnsthedbConnection associatedwith theresultset.

5



getRowsAffected returnsthenumberof rowsaffectedby theoperation.

hasCompleted was the operationcompleted?SELECT’s, for instance,arenot com-
pleteduntil their outputrowsareall fetched.

getException returnsthestatusof the lastSQL statementon a givenconnectionasa
list with two members,statuscodeandstatusdescription.

2.1.4 ClassdbResultSet

This virtual classextendsdbResult, and it describesadditionalinformation from the
resultof a SELECT statementand the stateof the operation. The completed stateis
setto 0 so long astherearependingrows to fetch. ThedbResultSet classdefinesthe
following additionalmethods:

getRowCount returnsthenumberof rows fetchedsofar.

getNullOk returnsalogicalvectorwith asmany elementsastherearefieldsin theresult
set,eachelementdescribingwhetherthecorrespondingfield acceptsNULL values.

getFields describestheSELECTedfields.Thedescriptionincludesfield names,RDBMS
internaldatatypes,internal length,internalprecisionandscale,null flag (i.e., col-
umn allows NULL’s), andcorrespondingS classes(which canbe over-riddenwith
user-provided classes).The currentMySQL andOracleimplementationsdefinea
dbResultSet asa namedlist with thefollowing elements:

connection: theconnectionobjectassociatedwith this resultset;

statement: astringwith theSQLstatementbeingprocessed;

description: a field descriptiondata.frame with asmany rows asthereare
fieldsin theSELECT output,andcolumnsspecifyingthename,type,length,
precision, scale, Sclass of thecorrespondingoutputfield.

rowsAffected: thenumberof rows thatwereaffected;

rowCount: thenumberof rowssofar fetched;

completed: a logical value describingwhetherthe operationhascompletedor
not.

nullOk: a logical vectorspecifyingwhetherthe correspondingcolumnmay take
NULL values.

Themethodsaboveareimplementedasaccessorfunctionsto this list in theobvious
way.

setDataMappings definesa conversionbetweeninternalRDBMS datatypesandR/S
classes.We expect the default mappingsto be by far the mostcommonones,but
usersthatneedmorecontrolmayspecifyaclassgeneratorfor individualfieldsin the
resultset.(SeeSection2.2 for details.)

close closestheresultsetandfreesresourcesbothin R/SandtheRDBMS.

fetch extractsthenext "max.rec" records(-1 meansall).
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2.2 Data TypeMappings

The datatypessupportedby databasesareslightly differentthanthe datatypesin R and
S, but the mappingbetweenthemis straightforward: Any of the many fixedandvarying
lengthcharactertypesaremappedto R/S "character". Fixed-precision(non-IEEE)
numbersare mappedinto either doubles("numeric") or long ("integer"). Dates
aremappedto characterusingthe appropriateTO CHAR function in the RDBMS (which
shouldtake careof any localeinformation). SomeRDBMS supportthe typeCURRENCY
or MONEY whichshouldbemappedto "numeric". Largeobjects(character, binary, file,
etc.) alsoneedto be mapped.User-definedfunctionsmay be specifiedto do the actual
conversionasfollows:

1. run thequery(eitherwith dbExec or dbExecStatement):

> rs <- dbExecStatement(con, "select whatever-You-need")

2. extracttheoutputfield definitions

> flds <- getFields(rs)

3. replacetheclassgeneratorin the,say3rdfield, by theuserown generator:

> flds[3, "Sclass"] # default mapping
[1] "character"

by

> flds[3, "Sclass"] <- "myOwnGeneratorFunction"

4. setthenew datamappingprior to fetching

> setDataMappings(resutlSet, flds)

5. fetchtherowsandstorein adata.frame

> data <- fetch(resultSet)

2.3 Open Issues

We mayneedto provide someadditionalutilities, for instanceto convert dates,to escape
characterssuchasquotesandslashesin querystrings,to stripexcessiveblanksfrom some
characterfields,etc.Weneedto decidewhetherweprovidehookssotheseconversionsare
doneat theC level, or do all thepost-processingin R or S.

Another issueis what kind of dataobject is the outputof an SQL query. Currently
theMySQL andOracleimplementationsreturndataasadata.frame; dataframeshave
theslight inconveniencethatthey automaticallyre-labelthefieldsaccordingto R/Ssyntax,
changingthe actualRDBMS labelsof the variables;the issueof non-numericdatabeing
coercedinto factorsautomatically“at the drop of a hat” (assomeonein s-news wrote) is
alsoannoying.

Theexecutionof SQL scriptsis not fully described.Themethodthatexecutesscripts
could run individual statementswithout returninguntil it encountersa query (SELECT-
like) statement.At that point it could returnthat oneresultset. The applicationis then
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responsiblefor fetching theserows, and then for invoking dbNextResultSet on the
openeddbConnection objectto repeatthedbExec/fetch loopuntil it encountersthe
next dbResultSet. And soon. Another(potentiallyvery expensive) alternative would
be to run all statementssequentiallyandreturna list of data.frames, eachelementof
thelist storingtheresultof eachstatement.

Binary objectsand large objectspresentsomechallengesboth to R and S. It is be-
comingmorecommonto storeimages,sounds,andotherdatatypesasbinary objectsin
RDBMS,someof whichcanbein principlequitelarge.TheSQL-92ANSI standardallows
up to 2 gigabytesfor someof theseobjects. We needto carefully plan how to dealwith
binaryobjects– perhapstentatively not in full generality. Largeobjectscouldbe fetched
by repeatedlyinvoking a specifiedR/S function that takesasargumentchunksof a spec-
ified numberof raw bytes. In the caseof S4 (andSplus5.x)the RS-DBI implementation
canwrite into an openedconnectionfor which the userhasdefineda reader(but canwe
guaranteethatwewon’t overflow theconnection?).In thecaseof R it is notclearwhatdata
typebinarylargeobjects(BLOB) shouldbemappedinto.

2.4 Limitations

Thesearesomeof thelimitationsof thecurrentinterfacedefinition:

� we only allow oneSQL statementat a time, forcing usersto split SQL scriptsinto
individual statements;

� transactionmanagementis not fully described;

� the interfaceis heavily biasedtowardsqueries,asopposedto generalpurposedata-
basedevelopment.In particularwe madeno attemptto define“bind variables”;this
is a mechanismby which thecontentsof S objectsareimplicitly movedto thedata-
baseduringSQL execution.For instance,thefollowing embeddedSQLstatement

/* SQL */
SELECT * from emp_table where emp_id = :sampleEmployee

would take the vectorsampleEmployee anditerateover eachof its elementsto
get the result. PerhapsRS-DBI could at somepoint in the future implementthis
feature.

3 Other Approaches

Thehigh-level, front-enddescriptionof RS-DBI is themorecritical aspectof theinterface.
Detailson how to actuallyimplementthis interfacemaychangeover time. Theapproach
describedin this documentbasedon oneback-enddriver per RDBMS is reasonable,but
not theonly approach– we simply felt thata simplerapproachbasedon well-understood
andself-containedtools(R, S,andC API’s) would bea betterstart.Neverthelesswe want
to briefly mentionafew alternativesthatweconsideredandtentatively decidedagainst,but
mayquitepossiblyre-visit in thenearfuture.
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3.1 OpenDatabaseConnectivity (ODBC)

TheODBC protocolwasdevelopedby Microsoft to allow connectivity amongC/C++ap-
plicationsandRDBMS. As you would expect,originally implementationsof the ODBC
were only available underWindows environments. Thereare variouseffort to createa
Unix implementation(seetheUnix ODBCweb-siteand[3]). Thisapproachlookspromis-
ing becauseit allowsusto write only oneback-end,insteadof oneperRDBMS.Sincemost
RDBMS alreadyprovide ODBC drivers,this couldgreatlysimplify development.Unfor-
tunately, theUnix implementationof ODBC wasnotmatureenoughat thetimewe looked
at it, a situationwe expectwill changein thenext yearor so.At thatpoint we will needto
re-evaluateit to make surethatsuchanODBC interfacedoesnot penalizetheinterfacein
termsof performance,easeof use,portabilityamongthevariousUnix versions,etc.

3.2 Java DatabaseConnectivity (JDBC)

Anotherprotocol,theJava databaseconnectivity, is very well-doneandsupportedby just
aboutevery RDBMS. The issuewith JDBC is that as of today neitherS nor R (which
arewritten in C) interfacescleanlywith Java. Thereareseveral efforts (somein a quite
fairly advancedstate)to allow S and R to invoke Java methods. Oncethis interfaceis
widely availablein Splus5xandR we will needto re-visit this issueagainandstudythe
performance,usability, etc.,of JDBCasacommonback-endto theRS-DBI.

3.3 CORBA and a 3-tier Ar chitecture

Yet anotherapproachis to move the interfaceto RDBMS out of R andS altogetherinto
a separatesystemor server thatwould serve asa proxy betweenR/S anddatabases.The
communicationto this middle-layerproxy could be donethroughCORBA[2, 8], Java’s
RMI, or someother similar technology. Sucha designcould be very flexible, but the
CORBA facilitiesbothin R andSarenotwidely availableyet,andwedonotknow whether
this will bemadeavailableto Splus5usersfrom MathSoft.Also, my experiencewith this
technologyis ratherlimited.

Ontheotherhand,this3-tierarchitectureseemto offer themostflexibility to copewith
very largedistributeddatabases,not necessarilyrelational.

4 Resources

The latestdocumentationandsoftwareon theRS-DBI is availableat www.omegahat.org.
TheR communityhasdevelopedinterfacesto somedatabases:RmSQLis an interfaceto
the mSQL databasewritten by TorstenHothorn; RPgSQLis an interfaceto PostgreSQL
andwaswrittenby TimothyH. Keitt; RODBCis aninterfaceto ODBC,andit waswritten
by MichaelLapsley. (For moredetailson all thesesee[7].)

TheareR andS-PlusinterfacesRMySQL/SMySQL[4] to MySQL thatfollow thepro-
poseRS-DBI API describedhere;also, there’s an S-PlusinterfaceSOracle[5] to Oracle
(weexpectto haveanR implementationsoon.)
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The idea of a commoninterfaceto databaseshasbeensuccessfullyimplementedin
Java’s DatabaseConnectivity (JDBC) (www.javasoft.com), in C throughthe OpenData-
baseConnectivity (ODBC) (www.genix.net/unixODBC), in Python’s DatabaseApplica-
tionProgrammingInterface(www.python.org), andin Perl’sDatabaseInterface(www.cpan.org).
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A The SVersion 4 Definitions

The following codeis meantto serve asa detaileddescriptionof the R/S to databasein-
terface.We decidedto useS4 (insteadof R or S version3) becauseits cleansyntaxhelp
usto describeeasilytheclassesandmethodsthatform theRS-DBI,andalsoto convey the
inter-classrelationships.

## Define all the classes and methods to be used by an
## implementation of the RS-DataBase Interface. Mostly,
## these classes are virtual and each driver should extend
## them to provide the actual implementation.

## Class: dbManager
## This class identifies the DataBase Management System
## (Oracle, MySQL, Informix, PostgreSQL, etc.)

setClass("dbManager", VIRTUAL)

setGeneric("load",
def = function(dbMgr,...)
standardGeneric("load")
)

setGeneric("unload",
def = function(dbMgr,...)
standardGeneric("unload")
)

setGeneric("getVersion",
def = function(dbMgr,...)
standardGeneric("getVersion")
)

## Class: dbConnections
## This class captures a connection to a database instance.

setClass("dbConnection", VIRTUAL)
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setGeneric("dbConnection",
def = function(dbMgr, ...)
standardGeneric("dbConnection")
)

setGeneric("dbConnect",
def = function(dbMgr, ...)
standardGeneric("dbConnect")
)

setGeneric("dbExecStatement",
def = function(con, statement, ...)
standardGeneric("dbExecStatement")
)

setGeneric("dbExec",
def = function(con, statement, ...)
standardGeneric("dbExec")
)

setGeneric("getResultSet",
def = function(con, ..)
standardGeneric("getResultSet")
)

setGeneric("commit",
def = function(con, ...)
standardGeneric("commit")
)

setGeneric("rollback",
def = function(con, ...)
standardGeneric("rollback")
)

setGeneric("callProc",
def = function(con, ...)
standardGeneric("callProc")
)

setMethod("close",
signature = list(con="dbConnection", type="missing"),
def = function(con, type) NULL
)

## Class: dbResult
## This is a base class for arbitrary results from the RDBMS
## (INSERT, UPDATE, DELETE). SELECTs (and SELECT-like)
## statements produce "dbResultSet" objects, which extend
## dbResult.

setClass("dbResult", VIRTUAL)

setMethod("close",
signature = list(con="dbResult", type="missing"),
def = function(con, type) NULL
)
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## Class: dbResultSet
## Note that we define a resultSet as the result of a
## SELECT SQL statement.

setClass("dbResultSet", "dbResult")

setGeneric("fetch",
def = function(resultSet,n,...)
standardGeneric("fetch")
)

setGeneric("hasCompleted",
def = function(object, ...)
standardGeneric("hasCompleted")
)

setGeneric("getException",
def = function(object, ...)
standardGeneric("getException")
)

setGeneric("getDBconnection",
def = function(object, ...)
standardGeneric("getDBconnection")
)

setGeneric("setDataMappings",
def = function(resultSet, ...)
standardGeneric("setDataMappings")
)

setGeneric("getFields",
def = function(object, table, dbname, ...)
standardGeneric("getFields")
)

setGeneric("getStatement",
def = function(object, ...)
standardGeneric("getStatement")
)

setGeneric("getRowsAffected",
def = function(object, ...)
standardGeneric("getRowsAffected")
)

setGeneric("getRowCount",
def = function(object, ...)
standardGeneric("getRowCount")
)

setGeneric("getNullOk",
def = function(object, ...)
standardGeneric("getNullOk")
)

## Meta-data:
setGeneric("getInfo",
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def = function(object, ...)
standardGeneric("getInfo")
)

setGeneric("describe",
def = function(object, verbose=F, ...)
standardGeneric("describe")
)

setGeneric("getCurrentDatabase",
def = function(object, ...)
standardGeneric("getCurrentDatabase")
)

setGeneric("getDatabases",
def = function(object, ...)
standardGeneric("getDatabases")
)

setGeneric("getTables",
def = function(object, dbname, ...)
standardGeneric("getTables")
)

setGeneric("getTableFields",
def = function(object, table, dbname, ...)
standardGeneric("getTableFields")
)

setGeneric("getTableIndices",
def = function(object, table, dbname, ...)
standardGeneric("getTableIndices")
)
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