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Abstract

For too long S andsimilar dataanalysisernvironmentshave lacked goodinterfaces
torelationaldatabassystemgRDBMS). For thelasttwentyyearsor sotheseRDBMS
have evolvedinto highly optimizedclient-serer systemdgor datastorageandmanipu-
lation, andcurrentlythey sene asrepositoriedor mostof the businessindustrial,and
researcHraw” datathatanalystswork with. Otheranalysispackagessuchas SAS,
have traditionallyprovidedgooddataconnectwity, but SandGNU R havereliedonin-
termediateext files asmeansf importingdata. Althoughthis simpleapproactworks
well for relatively modestamountsof mostly staticdata,it doesnot scaleup to larger
amountsof datadistributed over machinesandlocations,nor doesit scaleup to data
thatis highly dynamic— situationghatarebecomingncreasinglycommon.

Wewantto proposea commoninterfacebetweerR/SandRDBMS thatwould allow
usersto accesglatastoredon databasesenersin a uniform and predictablemanner
irrespectve of the databasesngine. The interfacedefinesa small setof classesand
methodssimilarin spirit to Pythons DB-API, Java’s JDBC, Microsoft's ODBC, Perl’s
DBI, etc.,but it conformsto the “whole-object”philosophysonaturalin S andR.

Weillustrateanimplementatiorof this interfacein the context of the OpenSource
MySQL databassystem.

1 Computing with Distrib uted Data

As dataanalystswe areincreasinglyfacedwith the challengeof larger datasourcedis-
tributedover machinesandlocations;mostof thesedatasourcegesidein relationaldata-
basemanagemergystemgRDBMS). Theserelationaldatabasesepresena matureclient-
sener distributedtechnologythatwe asanalystscould be exploiting morethatwe've done
in the past. The relationaltechnologyprovidesa well-definedstandardthe ANSI SQL-
92[8], bothfor definingandmanipulatingdatain a highly optimizedfashionfrom virtually
ary application.

In contrast,S and Splus have provided somevhat limited tools for coping with the
challenge®f largeranddistributeddatasets(Splusdoesprovideani npor t () functionto
importfrom databasedyut it is quitelimited in termsof SQL facilities). The R community
hasbeenmoreresourcefuland hasdevelopeda numberof good librariesfor connecting
to mSQL, MySQL, PostgreSQLand ODBC; eachlibrary, however, hasdefinedits own
interfaceto eachdatabasesnginea bit differently. We think it would be to everybody’s
adwantageto coordinatethe definition of a commoninterface,an effort not unlike those
takenin the PythonandPerlcommunities.

The goal of a common,seamlessaiccesso distributed datais a modestonein our
evolutiontowardsafully distributedcomputingervironment.We recognizeéhegreategoal
of distributedcomputingasthemeando fully integratediversesystems-notjustdatabases
— into a truly flexible analysiservironment. Good connectvity to databasedyowever, is
of immediatenecessityboth in practicaltermsandasa meansto help us transitionfrom
monolithic, self-containedystemso thosein which computationsnot only the data,can
be carriedout in parallelover a wide numberof computersand/orsystems]]. Issuesof
reliability, security locationtranspareny, persistencegtc.,will be new to mostof usand
working with distributeddatamay provide a moregradualchangeto easen the ultimate
goalof full distributedcomputing.
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2 A Common Interface

We believe thata commoninterfaceto databasesanhelp userseasilyaccesslatastored
in RDBMS. A commoninterfacewould describe,in a uniform way, how to connectto
RDBMS, extract meta-datgsuchaslist of available databasedables,etc.) aswell asa
uniform way to executeSQL statementsindimport their outputinto R andS. The current
emphasiss onqueryingdatabaseandnotsomuchin afull low-levelinterfacefor database
developmentasin JDBC or ODBC, but unlike these,we wantto approachthe interface
from the “whole-object” perspectiie [1] so naturalto R/S and Python- for instance by
fetchingall fieldsandrecordssimultaneouslynto a singleobject.

The basicideais to split the interfaceinto a front-endconsistingof a few classesand
genericfunctionsthat usersinvoke and a back-endset of database-specificlassesand
methodshatimplementthe actualcommunication(This is a very well-known patternin
softwareengineeringandanothergoodexampleis thedevice-independergraphican R/S
wheregraphicsfunctionsproducesimilar outputon a variety of differentdevices,suchX
displays,Postscriptetc.)

Thefollowing exampleshows thefront-end:

\

ngr <- dbManager (" Oracl e")
con <- dbConnect(ngr, user = "user", passwd = "passwd")
rs <- dbExecStatenent (con,

"select fldl, fld2, fl1d3 from MY_TABLE")
> tbhls <- fetch(rs, n = 100)
> hasConpl et ed(t bl s)
[1] T
> cl ose(rs)
> rs <- dbExecStat enment (con,

"sel ect id_name, g25, 50 fromliv2")

> res <- fetch(rs)
> get RowCount (rs)
[1] 73
> cl ose(con)

vV Vv

Suchscriptsshouldwork with otherRDBMS (say MySQL) by replacingthefirst line with

> ngr <- dbManager (" MySQL")

2.1 Interface Classes

Thefollowing arethe mainRS-DBI classesThey needto be extendedby individual data-
baseback-end¢MySQL, Oracle,etc.)

dbManager : Virtual class extendedby actualdatabasenanagerse.g.,Oracle MySQL,
Informix.

1A virtual classallows us to group classesthat sharesomecommonfunctionality e.g., the virtual class
“dbConnect i on” groupsall the connectiorimplementationdy Informix, Ingres,DB/2, Oracle etc. Although
the detailswill vary from one RDBMS to another the defining characteristiof theseobjectsis what a virtual
classcaptures.R andS version3 do not explicitly definevirtual classesbut they caneasilyimplementtheidea
throughinheritance.



dbConnect i on : Virtual classthatcapturesa connectiorto a databasénstancé.
dbResul t : Virtual classthatdescribegheresultof anSQL statement.

dbResul t Set : Virtual class,extendsdbResul t to fully describethe outputof those
statementshat produceoutputrecords,.e., SELECT (or SELECT-like) SQL state-
ment.

All theseclasseshouldimplementthe methodsshow, descri be, andget | nf o:
show (pri nt in R) printsa one-lineidentificationof the object.

descri be printsashortsummanyofthemeta-dataf thespecifiedbject(likesunmar y()
in R/S).

get | nf o takesanobjectof oneof the above classesanda string specifyinga meta-data
item, andit returnsthe correspondingnformation(NULL if unavailable).

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

V V V V

The reasonwe implementthe meta-datahroughget | nf o in this way is to simplify the
writing of databaséback-ends. We don't want to overwhelmthe developersof drivers
(oursehes,mostlik ely) with hundredsof methodsasin the caseof JDBC.

In addition,thefollowing methodsshouldalsobeimplemented:

get Dat abases listsall availabledatabaseknown to thedbManager .
get Tabl es liststablesin adatabase.
get Tabl eFi el ds liststhefieldsin atablein adatabase.

get Tabl el ndi ces liststheindicesdefinedfor atablein adatabase.

Thesemethodamaybeimplementedusingthe appropriateget | nf o methodabove.
In thenext few sectionswve describen detaileachof theseclassesandtheir methods.

2.1.1 ClassdbManager

This classidentifiesthe relationaldatabasenanagemensystem. It needsto be extended
by individual back-endqOracle, PostgreSQLgtc.) The dbManager classdefinesthe
following methods:

| oad initializesthedrivercode.We suggeshavingthegeneratordbManager (" dri ver"),
automaticallyloadthedriver.

unl oad releasesvhateserresourceshedriveris using.

get Ver si on returnsthe versionof the RS-DBI currentlyimplementedplus ary other
relevantinformationaboutthe implementatioritself andthe RDBMS beingused.

2 Theterm“database’ls sometimegconfusingly)usedbothto denotethe RDBMS, suchasOracle,MySQL,
andalsoto denotea particulardatabasénstanceundera RDBMS, suchas“opto” or “sales”databasesnderthe
sameRDBMS.



2.1.2 ClassdbConnecti on

This virtual classcapturesa connectionto a RDBMS, andit providesaccesgo dynamic
SQL,resultsets RDBMS sessioimanagemertransactions)tc. NotethatthedbManager
may or may notallow multiple simultaneougonnectionsThe methodst definesinclude:

dbConnect opensa connectionto the database dbnane". Otherlikely aguments
include" host ", "user", and" passwor d". It returnsan objectthat extends
dbConnect i on in adriverspecificmanner(e.g.,the MySQL implementatiorcre-
atesa connectionof classMySQ.Connect i on that extendsdbConnecti on).
Note that we could separatahe stepsof connectingto a RDBMS and openinga
databasehere(i.e., openinganinstanc@. For simplicity we do the 2 stepsin this
method.If theuserneedgo openanothelinstancein thesameRDBMS, just opena
new connection.

cl ose closestheconnectioranddiscardsall pendingwork.

dbExecSt at enent submitsone SQL statement.It returnsa dbResul t object,and
in the caseof a SELECT statementthe objectalsoinheritsfrom dbResul t Set .
ThisdbResul t Set objectis neededor fetchingtheoutputrows of SELECT state-
ments. Theresultof a non-SELECT statemente.g.,UPDATE, DELETE, CRE-
ATE, ALTER, ..))is definedasthenumberof rows affected(this seemso be com-
monamongRDBMS).

conmi t commitspendingtransactior{(optional).
rol | back undoesurrenttransactior(optional).

cal | Proc invokesa storedproceduran the RDBMS (tentative). Storedproceduresre
not part of the ANSI SQL-92 standardand possibly vary substantiallyfrom one
RDBMS to another For instance Oracleseemdo have a fairly decenimplementa-
tion of storedprocedureshut MySQL currentlydoesnot supportthem.

dbExec submitan SQL “script” (multiple statements)May be implementedy looping
with dbExecSt at enent .

dbNext Resul t Set  WhenrunningSQL scripts(multiple statements)i closesthe cur-
rentresultsetin the dbConnect i on, executeshe next statementindreturnsits
resultset.

2.1.3 ClassdbResul t

This virtual classdescribeghe resultof an SQL statemen{ary statementpndthe state
of the operation.Non-querystatements¢e.g., CREATE, UPDATE, DELETE) setthe“com-
pleted”stateto 1, while SELECT statement$o 0. Error conditionssetthis slotto anegative
number ThedbResul t classdefineghefollowing methods:

get St at ement returnsthe SQL statemenassociateavith theresultset.

get DBConnect i on returnsthedbConnect i on associatedvith theresultset.



get Rows Af f ect ed returnsthe numberof rows affectedby the operation.

hasConpl et ed wasthe operationcompleted?SELECT's, for instance,are not com-
pleteduntil their outputrows areall fetched.

get Excepti on returnsthe statusof thelast SQL statemenbn a givenconnectiorasa
list with two membersstatuscodeandstatusdescription.

2.1.4 ClassdbResul t Set

This virtual classextendsdbResul t , andit describesadditionalinformation from the
resultof a SELECT statemenfindthe stateof the operation. The conpl et ed stateis
setto 0 solong astherearependingrows to fetch. ThedbResul t Set classdefinesthe
following additionalmethods:

get RowCount returnsthe numberof rows fetchedsofar.

get Nul | Gk returnsalogicalvectorwith asmary elementsastherearefieldsin theresult
set,eachelementescribingwhetherthe correspondindield acceptsNULL values.

get Fi el ds describesheSELECTedfields. Thedescriptionncludesfield namesRDBMS
internal datatypes,internallength, internal precisionandscale,null flag (i.e., col-
umn allows NULL's), and correspondings classeqwhich canbe overriddenwith
userprovided classes).The currentMySQL and Oracleimplementationslefinea
dbResul t Set asanamedist with thefollowing elements:

connecti on: theconnectiorobjectassociatedvith thisresultset;

st at ement : astringwith the SQL statemenbeingprocessed;

descri pti on: afield descriptiondat a. f r ame with asmary rows asthereare
fieldsin the SELECT output,andcolumnsspecifyingthenane, t ype, | engt h,
preci si on, scal e, Scl ass of thecorrespondingutputfield.

r owsAf f ect ed: thenumberof rowsthatwereaffected;
r owCount : thenumberof rows sofar fetched;

conpl et ed: a logical value describingwhetherthe operationhas completedor
not.

nul | Ck: alogical vectorspecifyingwhetherthe correspondingolumnmay take
NULL values.

Themethodsabove areimplementedasaccessofunctionsto thislist in the obvious
way.

set Dat aMappi ngs definesa corversionbetweeninternalRDBMS datatypesandR/S
classes.We expectthe default mappingsto be by far the mostcommonones,but
userghatneedmorecontrolmayspecifya classgeneratofor individualfieldsin the
resultset.(SeeSection2.2for details.)

cl ose closesheresultsetandfreesresourcedothin R/SandtheRDBMS.

f et ch extractsthenext " nax. r ec" records(-1 meansall).



2.2 Data Type Mappings

The datatypessupportedby databaseareslightly differentthanthe datatypesin R and
S, but the mappingbetweenthemis straightforward: Any of the mary fixed andvarying
length charactettypesare mappedto R/S" char act er . Fixed-precisionnon-IEEE)
numbersare mappedinto either doubles(* nuneri c") or long ("i nt eger"). Dates
aremappedo charactewusingthe appropriateTO_.CHAR functionin the RDBMS (which

shouldtake careof ary localeinformation). SomeRDBMS supportthe type CURRENCY

or MONEY which shouldbe mappedo " nurer i ¢" . Largeobjects(characterbinary; file,

etc.) alsoneedto be mapped. Userdefinedfunctionsmay be specifiedto do the actual
corversionasfollows:

1. runthequery(eitherwith dbExec or dbExecSt at enent ):

> rs <- dbExecStatenment (con, "sel ect whatever-You-need")
2. extracttheoutputfield definitions

> flds <- getFields(rs)
3. replacethe classgeneratoin the,say3rd field, by the userown generator:

> flds[3, "Sclass"] # defaul t napping
[1] "character"

by
> flds[3, "Sclass"] <- "nyOmGenerator Function"

4. setthenew datamappingprior to fetching
> set Dat aMappi ngs(resutl Set, flds)
5. fetchtherows andstorein adat a. f r anme

> data <- fetch(resultSet)

2.3 Openlssues

We may needto provide someadditionalutilities, for instanceto corvert dates to escape
charactersuchasquotesandslashesn querystrings,to strip excessie blanksfrom some
charactefields,etc. We needto decidewhethermwe provide hookssothesecorversionsare
doneatthe C level, or do all the post-processing R or S.

Anotherissueis what kind of dataobjectis the outputof an SQL query Currently
theMySQL andOracleimplementationseturndataasadat a. f r ane; dataframeshave
theslightincorveniencahatthey automaticallyre-labelthefieldsaccordingo R/Ssyntax,
changingthe actualRDBMS labelsof the variables;the issueof non-numericdatabeing
coercednto factorsautomatically“at the drop of a hat” (assomeonén s-newvs wrote) is
alsoannging.

The executionof SQL scriptsis not fully described.The methodthat executesscripts
could run individual statementsvithout returninguntil it encountersa query (SELECT-
like) statement.At that point it could returnthat oneresultset. The applicationis then



responsibldor fetchingtheserows, andthenfor invoking dbNext Resul t Set on the
openeddbConnect i on objectto repeathedbExec/f et ch loopuntil it encountershe
next dbResul t Set . And soon. Another(potentiallyvery expensie) alternatve would
beto run all statementsequentiallyandreturnalist of dat a. f r anes, eachelementof
thelist storingtheresultof eachstatement.

Binary objectsand large objectspresentsomechallengeshothto R and S. It is be-
coming more commonto storeimages,soundsand otherdatatypesashbinary objectsin
RDBMS, someof which canbein principlequitelarge. The SQL-92ANSI standardillows
up to 2 gigabytesfor someof theseobjects. We needto carefully plan how to dealwith
binary objects— perhapgentatively notin full generality Large objectscould be fetched
by repeatedlyinvoking a specifiedR/S function that takesas argumentchunksof a spec-
ified numberof raw bytes. In the caseof S4 (and Splus5.x)the RS-DBI implementation
canwrite into an openedconnectionfor which the userhasdefineda reader(but canwe
guarante¢hatwe won’t overflow theconnection?)In thecaseof R it is notclearwhatdata
typebinarylarge objects(BLOB) shouldbe mappednto.

2.4 Limitations

Thesearesomeof thelimitations of the currentinterfacedefinition:

e we only allow one SQL statementt a time, forcing usersto split SQL scriptsinto
individual statements;

e transactiormanagemernis notfully described;

¢ theinterfaceis heaily biasedtowardsqueries,asopposedo generalpurposedata-
basedevelopment.In particularwe madeno attemptto define“bind variables”;this
is amechanisnby which the contentf S objectsareimplicitly movedto the data-
baseduring SQL execution.For instancethefollowing embedde®QL statement

/* SQL */
SELECT * fromenp_table where enp_id = :sanpl eEnpl oyee

would take the vectorsanpl eEnpl oyee anditerateover eachof its elementgo
getthe result. PerhapsRS-DBI could at somepoint in the future implementthis
feature.

3 Other Approaches

Thehigh-level, front-enddescriptionof RS-DBIis the morecritical aspecof theinterface.
Detailson how to actuallyimplementthis interfacemay changeover time. The approach
describedn this documentbasedon one back-enddriver per RDBMS is reasonablebut

not the only approach- we simply felt thata simplerapproachbasedon well-understood
andself-containedools (R, S,andC API's) would be a betterstart. Neverthelessve want

to briefly mentionafew alternatvesthatwe considere@ndtentatively decidedagainstput

may quite possiblyre-visitin the nearfuture.



3.1 OpenDatabaseConnectivity (ODBC)

The ODBC protocolwasdevelopedby Microsoft to allow connectvity amongC/C++ ap-
plicationsand RDBMS. As you would expect, originally implementation®f the ODBC
were only available underWindows ervironments. Thereare variouseffort to createa
Unix implementatior(seethe Unix ODBC web-siteand[4]). This approacHookspromis-
ing becausét allows usto write only oneback-endinsteadof oneperRDBMS. Sincemost
RDBMS alreadyprovide ODBC drivers,this could greatlysimplify development.Unfor-
tunately the Unix implementatiorof ODBC wasnot matureenoughat thetime we looked
atit, asituationwe expectwill changdn the next yearor so. At thatpointwe will needto
re-evaluateit to make surethatsuchan ODBC interfacedoesnot penalizethe interfacein
termsof performanceeaseof use,portability amongthe variousUnix versionsgetc.

3.2 Java DatabaseConnectiity (JDBC)

Anotherprotocol,the Java database&onnectvity, is very well-doneandsupportedoy just
aboutevery RDBMS. The issuewith JDBC is that as of today neitherS nor R (which
arewritten in C) interfacescleanlywith Java. Thereare several efforts (somein a quite
fairly advancedstate)to allow S andR to invoke Java methods. Oncethis interfaceis
widely availablein Splus5xandR we will needto re-visit this issueagainandstudythe
performanceusability, etc.,of IDBCasacommonback-endo theRS-DBI.

3.3 CORBA and a 3-tier Architecture

Yet anotherapproachis to move the interfaceto RDBMS out of R and S altogetherinto
a separatesystemor sener thatwould sene asa proxy betweenR/S anddatabasesThe
communicationto this middle-layerproxy could be donethroughCORBA[ 2, 6], Java’s
RMI, or someother similar technology Sucha designcould be very flexible, but the
CORBA facilitiesbothin R andS arenotwidely availableyet,andwe donotknow whether
thiswill be madeavailableto Splus5usersfrom MathSoft. Also, my experiencewith this
technologyis ratherlimited.

Ontheotherhand this 3-tierarchitectureseemto offer the mostflexibility to copewith
very large distributeddatabases)ot necessarilyelational.

4 A First Implementation: MySQL

MySQL is a mid-size, multi-platform RDBMS with a very straightforward API popular
in the Linux community Someof its advantagesncludehigh-performanceppensource,
andfreefor non-commercialise.For adetaileddiscussiorandtutorial on usingrelational
databasesvith R (andhenceS) see[5]. The R and S implementationsnay be found at
the OmegaProjectfor StatisticalComputingweb-site.

4.1 Interface Summary

Herewe briefly illustrate how to usethe interfaceto MySQL from eitherR or S. If you
needor areinterestedn understandinghe details,seethe remaindeiof this section.

10
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1. Initialize the MySQL interface:

> ngr <- dbManager (" MySQ.")
> n‘gr
MySQLManager id = (1455)

2. Openaconnectiorto adatabas@stancgseeSectiond.4 for detailson userauthen-
tication):

> con <- dbConnect(nmgr, dbnane = "opto")
> con
MySQLConnection id = (1455,1)

3. Meta-data- e.qg.,list of availabletableson the database:

> get Tabl es(con)
Tables in opto
PBCT

PURGE

WL

liv25

liv85

G~ WNPEF

4. RunanSQL query:

> rs <- dbExecStatenent(con, "select * fromliv25")
>rs
MySQLResul t Set id (1455,1,1)

5. Extractall datainto adata.frame:

> data <- fetch(rs, n = -1)

> cl ass(dat a)

[1] "data.frane"

> di m(dat a)

[1] 1779 253

> quantil e(data[,"DLDI 50"])
0% 25% 50% 75% 100%
0 0.45 0.47 0.49 0.58

6. Closetheresultset,the connectionandunloadtheinterface

> cl ose(rs)
> cl ose(con)
> unl oad( ngr)

Note that we createdone connection but we could have simultaneoushopenedcon-
nectionsto multiple senersanddatabases.
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4.2 |Initialization

Following the paradigmdescribedn Section2 we definethe classMy SQLManager that
extendsdbManager andimplementsthe methodsl oad, unl oad, get Ver si on, in
additionto show, descr i be, andothermeta-datanethods.

> |library("MWSQ")
> ngr <- dbManager (" MySQ.")
> describe(nmgr, verbose = T)
MySQLManager id = (1249)
Max connections: 16
Conn. processed: O
Default records per fetch: 500
MySQL client version: 3.22.27
RS-DBI version: 0.2
Open connections: 0

Note thatwe createa MySQL databasenanageiobjectngr with acall to dbManager ,
which automaticallyinvokesthel oad methodto initialize the client part of the software
(RandSplaytherole of clientsto thedatabassener). Aswe canseefromthedescri be
methodthengr objectcanhandleupto 16 simultaneousonnectiongto possiblydifferent
MySQL seners);by defaultthe S/R clientwill bring overupto 500recordsperfetch(see
Section4.5); it's basedon MySQL client softwareversion3.22.27;andit implementshe
interfaceRS-DBI version0.2.

Notethatthe My SQLManager objectis asingletonthatis, on subsequeritivocations
it returnsthe sameinitialized object.Useunl oad( ngr) to freeupresourcesnceyou’re
finishedworking with the MySQL database.

4.3 Connectingto MySQL

Oncewe've initialized thethedbManager objectby invoking the MySQL back-endwve
canopenoneor moreconnectiongo eitherlocal or remotedatabases)otehow we usethe
genericfunctiondbConnect () with the MySQL databasenanageobjectngr :

> ngr <- dbManager (" My/SQ.")
> con <- dbConnect (nmgr, dbname = "opto")

# Let’s look at the status of the connection
> descri be(con, verbose = T)
MySQLConnection id = (1455,1)
User: opto
Host: | ocal host
Dbnane: opto
Connection type: Local host via UN X socket
MySQL server version: 3.22.27
MySQL client version: 3.22.27
MySQL protocol version: 10
MySQL server thread id: 3
No resul t Set avail abl e

12



ThedbConnect is usedto establisha connectiorto onedatabaséstanceln thecase
of MySQL, andmostotherRDBMS, usersneedto provide, atleast,alogin andpassverd.
Oftentimeswe may alsowantto specifywhatdatabasénstancewe wantto connect(e.g.,
opto,iptraffic). Youmayspecifyall theseargumentin thecall to dbConnect , but
this presentsomeserioussecurityrisks, becauséoth R andS areinterpretedanguages
whosescriptsneedto bereadablédy all potentialusers.Thereforea somavhatmoresecure
mechanisnis needed.

4.4 UserAuthentication

The preferredmethodto passauthenticatiorparameterso the sener (e.g.,user passverd,
host)is throughthe MySQL configurationfile $HOVE/ . my. cnf . Sincespecifyingpass-
wordson callsto dbConnect is averybadidea(andsois specifyingpassverdsthrough
Shellvariables)theclient codeparseghe configuratiorfile $HOVE/ . ny. cnf , afile that
consistof zeroor moresectionseachstartingwith aline of theform[ sect i on- nane] .
Forinstance

$ cat $HOME/ . ny. cnf
# this is a conment
[client]

user dj

host | ocal host

[rs-dbi]
dat abase = s-data

[l asers]

user = opto

dat abase = opto
password = pure-|ight
host = nerced

[iptraffic]
host = wyner
dat abase = iptraffic

This file mustnot bereadableby anybody but you. Insideeachsection,MySQL parame-
tersmay be specifiedoneperline (e.g.,user = opt 0). The R/SMySQL implementa-
tion alwaysparseghe[ cl i ent] and[ r s- dbi ] sectionsput you maydefineyou own
project-specifisectiongo tailor its ernvironment;if thesameparameteappearsnorethan
oncethelast(closerto the bottom)occurrencés used.

If youdefineasectionsay [ i ptraffi c],theninsteadof includingall theseparam-
etersin thecall to dbConnect , you simply supplythe nameof thegroup,e.g.,

> dbConnect (mgr, group = "iptraffic").

Themostimportantauthenticatioparametersy $HOVE/ . ny. cnf areuser ,passwor d,host,
anddat abase. Notethatthedat abase namecannotgoin the[ cl i ent] sectionbut
you may safelyincludeit underthe[ r s- dbi ] sectionor oneyou defineyourself. (See

(=1
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# open the connection using user, passsword, etc., as
# specified in the "[iptraffic]" section of the

# configuration file file $HOVE/ . ny. cnf

> con <- dbConnect(ngr, group = "iptraffic")

# open connections to the distributed opto database
conl <- dbConnect(ngr, dbname = "opto", host = "wyner")
con2 <- dbConnect(ngr, dbname = "opto", host = "nerced")

Make sureyou closethe connectiorusingcl ose( con) whenit is nolongerneeded.

4.5 Executing SQL Statements

Oncewe have an openconnectiorto a databasén a MySQL sener we canexecuteSQL
statementsThe methodsdbExec St at enment , dbExec, andqui ckSQL sendtheirin-

put to the sener for execution. In casethereis ary error (SQL syntax,for instance)the
methodfails andprints anerrormessageYou canextractthe statusof thelast SQL state-
mentby invokingget Except i on ontheappropriateconnectiorobject.

If thereis no error, theabore methodgeturnanobjectof classdbResul t , describing
the statusof the operation(for instance,the numberof rows affected). If the SQL op-
erationproducedan outputset (for instancea SELECT statement}he outputwill extend
dbResul t Set in additionto dbResul t , andyou mayusethef et ch methodto bring
overtheoutputrowsinto Sor R.

# Run an SQ. statenent by first creating a resultSet object
> rs <- dbExecStatenent (con,
statenent = "SELECT w. | aser_id,
w. wavel engt h,
p.cut _off
FROM W. w, PURCE P
WHERE w. | aser _id = p.laser_id
SORT BY w. | aser _id")
>rs
M/SQ Resul t Set id = (1455,1,3)

# we now fetch the first 1000 records
> datal <- fetch(rs, n = 1000)

> di m(dat a)

[1] 1000 18

> hasConpl et ed(rs)
(1] ©

# let's get all remaining records
> data2 <- fetch(rs, n = -1)

Thequi ckSQL is asupportfunctionthatcombineghe operationof executinga state-
mentandfetchingits output,thusit makesmostsensdor SELECT-lik e statements:
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function(con, statenent)

{

rs <- dbExecStatenent(con, statenent)
i f (hasConpl eted(rs))
return(rs)

res <- fetch(rs, n = -1)
i f (hasConpl eted(rs))
cl ose(rs)
el se war ni ng("pendi ng rows")
res

4.6 Meta-data

Onevery useful propertyof RDBMS is that their datais self-describinglasyou already
know, datain S andR is alsoself-describing).Thatis, onecandynamicallyqueryinfor-
mationabouta databasdts tables field namesandfield types,whatindicesaredefinedon
thesetables etc. The R/Sinterfaceto databasedefinesmethodsor queryingthesemeta-
data,andyou’ll notice that thesemethodsmimic the R/S notionsof obj ect s, nanes,
cl ass, node, etc. Thesemeta-datanethodsallow usto navigatethe databaséo locate
tables fields,etc.

More generallywe recognizewo typesof meta-dataonetypethatdescribesheinter
facebetweenR/S andMySQL, andanothertype thatdescribeghe databas®bjectsthem-
selves. Themethodsdescr i be andver si on extractmeta-dataelevantto theinterface
software,while all othermethodsarerelevantto databasebjects.

> describe(nmgr, verbose = F)
MySQLManager id = (1455)
Max connections: 16
Conn. processed: 1
Default records per fetch: 500
Open connections: 1
> get Ver si on(ngr)

$" RS- DBI ":
[1] "o0.2"
$"MWSQ (client) library":
[1] "3.22. 27"
> getFields(rs)
nane Scl ass type len precision scale null &K
1 Tables in opto character FIELD. TYPE. STRING 64 64 0 F

> descri be(rs)
MySQLResul t Set id = (1455, 1, 4)
St atenment: show t abl es
Has conpl et ed? no
Affected rows: -1
Rows fetched: 1779
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Meta-datathat the MySQL sener makesavailableincludeslists of databasedists of
tables field descriptionfor eachtable,lists of indicesdefinedon eachtable,etc. Be aware
that someof this informationmay not be availableto all usersdueto securityconstraints
definedby the databasexdministrator But this issueis not too differentfrom the Unix
securitymodelin which usershave limited privilegesdictatedby userlogin and group
membershipThe mostimportantmeta-datanclude

get Ver si on(obj ) produceslist with theversionobj implements;
get Dat abases(ngr, ...) listof availabledatabases;

get Cur rent Dat abase(con) thenameof thedatabaseurrentin the connectiorob-

jectcon;

get Tabl es(ngr, dbnane, ...) listoftablesin databaselbnane;

get Tabl el ndi ces(ngr, table, dbnane, ...) list of indicesfor t abl e in
databaselbnane

get Excepti on(con) list with exceptionnumberanddescriptionof the lastoperation
performedon connectiorcon;

get Resul t Set (con) returnstheresultsetassociatedvith connectiorcon;
get St at ement (rs) returnsthe SQL statemenassociateih theresultsetr s;

get DBconnecti on(rs) returnsthe connectionobjectassociatedvith the result set
rs;

get Fi el ds(rs) returnsadat a. f r ane thatfully describeghefieldsof the extracted
rows and available throughr s; the dat a. f r ane hasthe 7 columnsdefinedon
page7 andasmary rows astherearefieldsin theresultset;

getFields(ngr, table, dbnane, ...) returnsa descriptionof the fields in
t abl e in databaselbnane;

hasConpl et ed(rs) alogical describingwhetherthe SQL instructionhascompleted
or not (SELECT statementsre consideredncompleteso long astherearerecords
to fetch);

get RowCount (rs) numberof rows fetchedsofar from resultsetr s

get RowsAf f ect ed(rs) numberof rows affectedby last SQL statemen{mostuseful
for non-SELECT statementtike DELETE, | NSERT);

get Nul | Gk(rs) alogical vectordescribingwhich fields in the resultsetr s accept
NULL values;

get | nfo(dbObj ect, what) extractthefield what from the meta-datdist associ-
atedwith the objectdbObj ect . A dbQbj ect refersto ary R/S databasebject
referencei.e.,dbManger , dbConnect i ons, dbResul t ordbResul t Set .
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4.7

DatabaseTransactions

Sincethe MySQL systemdoesnot definetransactionshe R/Simplementatiorsimply ig-
norescallsto commi t andr ol | back.

4.8

Limitations

NotethatthecurrentMySQL interfacehasnotimplementedheset Dat aMappi ng method
for dbResul t Set objects.Also, theimplementatiorinappropriatelyoverloadsthefunc-
tionality of thedbResul t classin theclassr esul t Set . Finally, thisclassr esul t Set
shouldberenamedo dbResul t Set .

4.9

Examples

Somemoreexamples:

#
#
>

GO WNPE HH* OO~ WNPE

H

>
[1

>
[1

>
[1

Extract neta-data information. Wat MySQ dat abases
are there available on host "wyner"
get Dat abases(m host = "wyner")
Dat abase
nmysql
opto
t est
iptraffic
fraud

What tables are there in the "opto" database?

dbTabl es(m dbnane = "opto", host = "wyner")
Tables in opto
PBCT
PURGE
WL
liv25
liv85

let’s look at sone result set neta-data

con <- dbConnect (ngr)
rs <- dbExecStatenent(con, query.sql)

get Statenment (rs)
] "show tabl es"

hasConpl et ed(rs)
] O

get RowCount (rs)
] 3
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> info <- getlnfo(rs)

> nanes(i nfo)

[1] "statenent™ "isSel ect" "rowsAf f ect ed”
[4] "rowCount" "conpl et ed" "fiel dDescri ption"

# the following are pieces of neta-data associated with
# the R'S DBl inplenentation, versions for the various pieces
# of software (client, server, interface), etc.

# dbManager obj ect

> nanes(getlnfo(m)

[1] "connecti onlds" "fetch_default_rec"
[3] "manager!d" "l engt h"
[5] "num.con" "counter"

[7] "clientVersion"
# dbConnection obj ect

> nanes(getlnfo(con))

[1] "host" "user"

[3] "dbnane" "conType"

[5] "serverVersion" "protocol Versi on"
[7] "threadld" "rsld"

# resultSet object

> nanes(getlnfo(rs))

[1] "statenent™ "isSel ect"
[3] "rowsAffected" "rowCount "
[5] "conpleted" "fiel dDescription"

Seetheon-linedocumentatiorior moredetails.

5 Resources

Thelatestdocumentatiorand software on the RS-DBI is availableat www.omegahat.og.

The R community hasdevelopedinterfacesto somedatabasesRmSQL is an interface
to the mSQL databasevritten by TorstenHothorn; similarly RMySQL is an interfaceto

MySQL andwasportedto R by SaikatDebRqg andDoug Bates RPgSQLis aninterfaceto

PostgreSQlandwaswritten by Timothy H. Keitt; finally, RODBC is aninterfacerunning
underWindowsto ODBC, andit waswritten by MichaelLapsley.

The idea of a commoninterfaceto databasetiasbeensuccessfullyimplementedn
Java’s DatabaseConnectvity (JDBC) (www.javasoft.con), in C throughthe OpenData-
baseConnectvity (ODBC) (www.genix.net/unixODB(, in Pythons DatabaseApplica-
tion Programmingdnterface(www.python.oig), andin Perl’s Databasénterface(www.cpan.og).
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A The SVersion 4 Definitions

The following codeis meantto sene asa detaileddescriptionof the R/S to databaseén-
terface. We decidedto useS4 (insteadof R or S version3) becauséts cleansyntaxhelp
usto describesasilythe classesindmethodghatform the RS-DBI, andalsoto corvey the
inter-classrelationships.

## Define all the classes and nethods to be used by an

## inplenentati on of the RS-DataBase Interface. Mostly,
## these classes are virtual and each driver shoul d extend
## themto provide the actual inplenmentation.

## d ass: dbManager
## This class identifies the DataBase Managenment System
## (Oracle, MySQ., Inform x, PostgreSQ., etc.)

set C ass("dbManager", VI RTUAL)

set Generic("l oad",
def = function(dbMr,...)
st andardGeneric("l oad")

)

set Generi c("unl oad",
def = function(dbMir,...)
st andar dGeneri c("unl oad")

)

set Generi c("get Versi on",
def = function(dbMr,...)
st andar dCGeneri c("get Version")

)

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

set Cl ass("dbConnection", VI RTUAL)

set Generi c("dbConnection",
def = function(dbMyr, ...)
st andar dGeneri c("dbConnecti on")

)
set Generi c("dbConnect ",
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def = function(dbMr, ...)
st andar dGeneri c("dbConnect")

set Generi c(" dbExecSt at enent ",
def = function(con, statenment, ...)
st andar dGeneri c(" dbExecSt at enent ")
)
set Generi c(" dbExec",
def = function(con, staterment, ...)
st andar dGeneri c("dbExec")
)
set Generic("get Resul t Set",
def = function(con, ..)
st andardGeneri c("get Resul t Set ")
)
set Generic("commit",
def = function(con, ...)
standardGeneric("comit")
)
set Generic("roll back",
def = function(con, ...)
st andardGeneri c("rol | back")
)
set Generic("call Proc",
def = function(con, ...)
st andardGeneric("cal |l Proc")

set Met hod( " cl ose",

signature = |list(con="dbConnection", type="m ssing"),
def = function(con, type) NULL
)

## O ass: dbResult

## This is a base class for arbitrary results fromthe RDBVMS
## (| NSERT, UPDATE, DELETE). SELECTs (and SELECT-1i ke)

## statenents produce "dbResultSet" objects, which extend
## dbResul t.

set Cl ass("dbResul t", VI RTUAL)

set Met hod( " cl ose",

signature = list(con="dbResult", type="m ssing"),
def = function(con, type) NULL
)

## Cl ass: dbResul t Set
## Note that we define a resultSet as the result of a
## SELECT SQL statenent.

set Cl ass("dbResul t Set", "dbResult")
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set Generic("fetch",

def = function(resultSet,n,...)
standardGeneric("fetch")
)
set Generi c("hasConpl et ed",
def = function(object, ...)
st andar dGeneri c("hasConpl et ed")
)
set Generi c("get Exception”,
def = function(object, ...)

st andar dGeneri c("get Excepti on")
)

set Generi c("get DBconnecti on",

def = function(object, ...)
st andar dGeneri c( " get DBconnecti on")
)

set Generi c( " set Dat aMappi ngs",
def = function(resultSet, ...)
st andar dGeneri c(" set Dat aMappi ngs")
)

set Generic("getFi el ds",
def = function(object, table, dbnane,
st andar dGeneri c("get Fi el ds")

)
set Generic("get Statenment”,
def = function(object, ...)
st andar dGeneri c("get St at enment ")
)
set Generi c(" get RowsAf f ect ed",
def = function(object, ...)

st andar dGeneri c("get RowsAf f ect ed")

)
set Generi c("get RowCount ",

def = function(object, ...)
st andar dGeneri c(" get RowCount ")
)
set Generi c("get Nul | Ck",
def = function(object, ...)

st andar dGeneri c("get Nul | k")
)

## Met a- dat a:
set Generic("getlnfo",

def = function(object, ...)
st andardGeneric("getlnfo")
)

set Generi c("descri be",
def = function(object, verbose=F,
st andardGeneri c("descri be")
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)
set Generi c("get Current Dat abase",
def = function(object, ...)
st andar dGeneri c("get Current Dat abase")
)

set Generi c(" get Dat abases",
def = function(object, ...)
st andar dGeneri c( " get Dat abases")
)

set Generi c("get Tabl es",
def = function(object, dbnane, ...)
st andar dGeneri c("get Tabl es")

)
set Generi c("get Tabl eFi el ds",

def = function(object, table, dbnane, ...)
st andar dGeneri c("get Tabl eFi el ds")
)

set Generi c("get Tabl el ndi ces",
def = function(object, table, dbnane, ...)
st andar dGeneri c("get Tabl el ndi ces")

)
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