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Abstract

We describethe interfacebetweenR andS (Splus)to the OpenSourceMySQL
databasesystem.

1 Introduction

MySQL is a mid-size,multi-platform RDBMS popular in the opensourcecommunity.
Someof itsadvantagesincludehigh-performance,opensource,andfreefor non-commercial
use.For a detaileddiscussionandtutorial on usingrelationaldatabaseswith R (andhence
S) see[4]; for moredetailson importing/exportingdatainto R see[5], for S-Plusseeits
User’s Guide. For detailson obtainingandinstalling the softwaredescribedhereseethe
Appendix.

TheR/SMySQL interfaceallowsmultipleconnectionsto oneor moreMySQL servers
simultaneously(up to 100connections).AlthougheachMySQL connectioncanonly have
oneopenresultset(openquery)at a time, this is not aseriouslimitation sincewecanvery
easilycloneconnections(seeSection4 for details).

All functionsdescribedherearedocumentedon-line– simplyusehelp(MySQL), for
instance,to readall thedetails.

2 Interface Summary

Herewe briefly illustratehow to usethe interfaceto MySQL from eitherR or S. If you
needor areinterestedin understandingthedetails,seetheremainderof this document.

1. Accessthelibrary

> # in R 1.1.0 and later versions
> library(RMySQL)

> # in Splus5.x and later versions
> library(SMySQL)

(from now on, we will uselibrary(MySQL) to refergenericallyto eithertheR
or S implementation).

2. Initialize theMySQL interface:

> mgr <- dbManager("MySQL")
> mgr
MySQLManager id = (1455)

3. Opena connectionto a databaseinstance(seeSection5 for detailson userauthenti-
cation):

> con <- dbConnect(mgr, dbname = "opto")
> con
MySQLConnection id = (1455,1)
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4. Meta-data– e.g.,list of availabletableson thedatabase:

> getTables(con)
Tables in opto

1 PBCT
2 PURGE
3 WL
4 liv25
5 liv85

5. RunanSQLquery:

> rs <- dbExecStatement(con, "select * from liv25")
> rs
MySQLResultSet id (1455,1,1)

6. Extractall datainto adata.frame:

> data <- fetch(rs, n = -1)
> class(data)
[1] "data.frame"
> dim(data)
[1] 1779 253
> quantile(data[,"DLDI50"])

0% 25% 50% 75% 100%
0 0.45 0.47 0.49 0.58

7. Closetheresultset,theconnection,andunloadtheinterface

> close(rs)
> close(con)
> unload(mgr)

Note that we createdoneconnection,but we could have simultaneouslyopenedcon-
nectionsto multiple serversanddatabases.Also, we provide conveniencefunctionsfor
importing tablesinto R/S andexportingdata.frame objectsto MySQL, seeSection7
for details.

3 Initialization

Following theparadigmdescribedin theRS-DBI[2], wedefinetheclassMySQLManager
thatextendsdbManager andimplementsthemethodsload, unload, getVersion,
in additionto show, describe, andothermeta-datamethods.

> library(MySQL)
> mgr <- dbManager("MySQL")
> describe(mgr, verbose = T)
MySQLManager id = (1249)

Max connections: 16
Conn. processed: 0
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Default records per fetch: 500
MySQL client version: 3.22.27
RS-DBI version: 0.2
Open connections: 0

Note thatwe createa MySQL databasemanagerobjectmgr with a call to dbManager,
which automaticallyinvokestheload methodto initialize theclient partof thesoftware
(R andSplaytheroleof clientsto thedatabaseserver). As wecanseefrom thedescribe
method,themgr objectcanhandleupto 16simultaneousconnections(to possiblydifferent
MySQL servers);by default theS/Rclient will bring overup to 500recordsperfetch(see
Section6); it’s basedon MySQL client softwareversion3.22.27;and it implementsthe
interfaceRS-DBI version0.2.

NotethattheMySQLManager objectis asingleton,thatis, onsubsequentinvocations
it returnsthesameinitializedobject.Useunload(mgr) to freeupresourcesonceyou’re
finishedworking with theMySQL database.

4 Connecting to MySQL

Oncewe’ve initialized the thedbManager objectby invoking theMySQL back-endwe
canopenoneor moreconnectionsto eitherlocalor remotedatabases;notehow weusethe
genericfunctiondbConnect() with theMySQL databasemanagerobjectmgr:

> mgr <- dbManager("MySQL")
> con <- dbConnect(mgr, dbname = "opto")

# Let’s look at the status of the connection
> describe(con, verbose = T)
MySQLConnection id = (1455,1)

User: opto
Host: localhost
Dbname: opto
Connection type: Localhost via UNIX socket
MySQL server version: 3.22.27
MySQL client version: 3.22.27
MySQL protocol version: 10
MySQL server thread id: 3
No resultSet available

ThedbConnect is usedto establisha connectionto onedatabaseinstance.Notice
thatyou canspecifythemanagerasa characterstring,”MySQL”, a call to MySQL(), or
usedanexistingconnectionobject:

> con1 <- dbConnect("MySQL", group = "vitalAnalysis")

> con2 <- dbConnect(MySQL(), group = "vitalAnalysis")

> con3 <- dbConnect(con1)
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thelaststatementsimply ”clones” con1 – thatis, it createsa new connectionto thesame
databaseinstance,using the sameauthorizationusedfor con1, but it doesnot inherit
con1’s resultset.

In thecaseof MySQL, andmostotherRDBMS,usersneedto provide,at least,a login
andpassword. Oftentimeswe may alsowant to specifywhat databaseinstancewe want
to connect(e.g.,opto, iptraffic). You may specify all theseargumentin the call
to dbConnect, but this presentssomeserioussecurityrisks, becauseboth R andS are
interpretedlanguageswhosescriptsneedto bereadableby all potentialusers.Thereforea
somewhatmoresecuremechanismis needed.

5 User Authentication

The preferredmethodto passauthenticationparametersto the server (e.g., user, pass-
word, host) is through the MySQL configurationfile $HOME/.my.cnf under Unix1.
Sincespecifyingpasswordson calls to dbConnect is a very badidea(andso is spec-
ifying passwords throughShell variables),the client codeparsesthe configurationfile
$HOME/.my.cnf, a file thatconsistsof zeroor moresections,eachstartingwith a line
of theform [section-name]. For instance

$ cat $HOME/.my.cnf
# this is a comment
[client]
user = dj
host = localhost

[rs-dbi]
database = s-data

[lasers]
user = opto
database = opto
password = pure-light
host = merced
...
[iptraffic]
host = wyner
database = iptraffic

This file mustnot bereadableby anybodybut you. Insideeachsection,MySQL parame-
tersmaybespecifiedoneper line (e.g.,user = opto). TheR/SMySQL implementa-
tion alwaysparsesthe[client] and[rs-dbi] sections,but you maydefineyou own
project-specificsectionsto tailor its environment;if thesameparameterappearsmorethan
once,thelast(closerto thebottom)occurrenceis used.

If youdefineasection,say, [iptraffic], theninsteadof includingall theseparam-
etersin thecall to dbConnect, yousimply supplythenameof thegroup,e.g.,

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

1 For Windows, theMySQL documentationdescribesthefile c:
�
my.cnf
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Themostimportantauthenticationparametersin $HOME/.my.cnf areuser,password,
host, anddatabase. Notethatthedatabase namecannotgo in the[client] sec-
tion,but youmaysafelyincludeit underthe[rs-dbi] sectionor oneyoudefineyourself.
(See[1].)

# open the connection using user, passsword, etc., as
# specified in the "[iptraffic]" section of the
# configuration file file $HOME/.my.cnf
> con <- dbConnect(mgr, group = "iptraffic")

# open connections to the distributed opto database
con1 <- dbConnect(mgr, dbname = "opto", host = "wyner")
con2 <- dbConnect(mgr, dbname = "opto", host = "merced")

Make sureyouclosetheconnectionusingclose(con) whenit is no longerneeded.
Notice thatyou will not beableto closea connectionthathaspendingrows to fetch,see
next section.

6 Executing SQL Statements

Oncewe have anopenconnectionto a databasein a MySQL server we canexecuteSQL
statements.ThemethodsdbExecStatement, dbExec, andquickSQL sendtheir in-
put to the server for execution. In casethereis any error (SQL syntax,for instance)the
methodfails andprintsanerrormessage.You canextract thestatusof thelastSQL state-
mentby invokinggetException on theappropriateconnectionobject.

If thereis noerror, theabovemethodsreturnanobjectof classdbResult, describing
the statusof the operation(for instance,the numberof rows affected). If the SQL op-
erationproducedan outputset(for instancea SELECT statement)the outputwill extend
dbResultSet in additionto dbResult, andyou mayusethefetch methodto bring
over theoutputrows into S or R.

# Run an SQL statement by first creating a resultSet object
> rs <- dbExecStatement(con,

statement = "SELECT w.laser_id,
w.wavelength,
p.cut_off

FROM WL w, PURGE P
WHERE w.laser_id = p.laser_id
ORDER BY w.laser_id")

> rs
MySQLResultSet id = (1455,1,3)

# we now fetch the first 1000 records
> data1 <- fetch(rs, n = 1000)
> dim(data)
[1] 1000 18

> hasCompleted(rs)
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[1] 0

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

You canalsoclosea resultsetto discardpendingrows. Notice,however, thatyou will
not beallowedto closea connectionthathasa resultsetwith pendingrows – you needto
eitherfetchall therowsor closetheresultsetbeforeclosingtheconnection.

ThequickSQL is asupportfunctionthatcombinestheoperationof executingastate-
mentandfetchingits output,thusit makesmostsensefor SELECT-likestatements.

7 Convenience Import/Export Functions

ThefunctiongetTable(),removeTable(),existsTable(), andassignTable()
mimic theirR/Scounterpartget(),remove(),exists(), andassign() (recallthat
getTables() lists all theremotetablesavailableon a connection).Thesefunctionsall
takeadatabaseconnectionobjectandanSQLtablename(plusadata.frame in thecase
of assignTable()) to import into R/S,delete,checkthatthetableexists,andto export
adata.frame to theDBMS.

> # R code
> data(USArrests)
> con <- dbConnect("MySQL", user = "test", dbname = "test")
> existsTable(con, "US_Arrests")
[1] FALSE
> assignTable(con, "US_Arrests", USArrests)

> con2 <- dbConnect("MySQL", group = "iptraffic")
> trantime <- getTable(con, "TRANTIME")

Thesefunctionsallows us to ”attach” databasesto our S searchpathandaccessthe
databasetransparently(this functionalityis not yetavailablein R):

S> vcon <- dbConnect("MySQL", group = "vitalAnalysis")
S> a <- attach(vcon, max.rows=25000, translate = T)
S> ls(pos=2)
(pos=2)[1:5]
[1] "AGGREGATE.APP.TRANTABLE"
[2] "AGGREGATE.APPSRVRPROXY.HTTPTRANTABLE"
[3] "AGGREGATE.GRPAPPSRVRPROXY.HTTPTRANTABLE"
[4] "CLIENTMAPTABLE"
[5] "DNSTRANTABLE"

> names(CLIENTMAPTABLE)
[1] "CLIENTID" "CLIENTNAME" "LASTIPADDRESS"
[4] "LASTENTRYROUTER" "TIMEZONE" "OS"
.....

[16] "AGENTLICENSES" "AGENTVERSION" "LASTGROUPID"
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The argumentmax.rows=25000 preventstableswith morethanthis many rows to be
imported;theargumenttranslate=T causesall SQL identifiersto betranslatedto valid
S identifiers.(For moredetailssee[3].)

8 Meta-data

Onevery usefulpropertyof RDBMS is that their dataareself-describing(asyou already
know, datain S andR arealsoself-describing).That is, onecandynamicallyqueryinfor-
mationaboutadatabase,its tables,field namesandfield types,whatindicesaredefinedon
thesetables,etc. TheR/Sinterfaceto databasesdefinesmethodsfor queryingthesemeta-
data,andyou’ll noticethat thesemethodsmimic the R/S notionsof objects, names,
class, mode, etc. Thesemeta-datamethodsallow us to navigatethedatabaseto locate
tables,fields,etc.

Moregenerally, werecognizetwo typesof meta-data:onetypethatdescribestheinter-
facebetweenR/SandMySQL, andanothertypethatdescribesthedatabaseobjectsthem-
selves.Themethodsdescribe andversion extractmeta-datarelevantto theinterface
software,while all othermethodsarerelevantto databaseobjects.

> describe(mgr, verbose = F)
MySQLManager id = (1455)

Max connections: 16
Conn. processed: 1
Default records per fetch: 500
Open connections: 1

> getVersion(mgr)
$"RS-DBI":
[1] "0.2"

$"MySQL (client) library":
[1] "3.22.27"
> getFields(rs)

name Sclass type len precision scale nullOK
1 Tables in opto character FIELD.TYPE.STRING 64 64 0 F

> describe(rs)
MySQLResultSet id = (1455,1,4)

Statement: show tables
Has completed? no
Affected rows: -1
Rows fetched: 1779

Meta-datathat the MySQL server makesavailableincludeslists of databases,lists of
tables,field descriptionfor eachtable,lists of indicesdefinedon eachtable,etc. Be aware
thatsomeof this informationmaynot beavailableto all usersdueto securityconstraints
definedby the databaseadministrator. But this issueis not too different from the Unix
securitymodel in which usershave limited privilegesdictatedby userlogin and group
membership.Themostimportantmeta-datainclude
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getVersion(obj) producesa list with theversionobj implements;

getDatabases(mgr, ...) list of availabledatabases;

getCurrentDatabase(con) thenameof thedatabasecurrentin theconnectionob-
jectcon;

getTables(mgr, dbname, ...) list of tablesin databasedbname;

getTableIndices(con, table, dbname, ...) list of indicesfor table in
databasedbname

getException(con) list with exceptionnumberanddescriptionof thelastoperation
performedon connectioncon;

getResultSet(con) returnstheresultsetassociatedwith connectioncon;

getStatement(rs) returnstheSQLstatementassociatedin theresultsetrs;

getDBconnection(rs) returnsthe connectionobject associatedwith the result set
rs;

getFields(rs) returnsadata.frame thatfully describesthefieldsof theextracted
rows andavailablethroughrs; thedata.frame has7 columns(field name,R/S
datatype, MySQL datatype, length,precision,scale,andnull flag) andeachrow
describesonefield in theresultset;

getFields(mgr, table, dbname, ...) returnsa descriptionof the fields in
table in databasedbname;

hasCompleted(rs) a logical describingwhetherthe SQL instructionhascompleted
or not (SELECT statementsareconsideredincompleteso long astherearerecords
to fetch);

getRowCount(rs) numberof rows fetchedsofar from resultsetrs

getRowsAffected(rs) numberof rowsaffectedby lastSQL statement(mostuseful
for non-SELECT statementslikeDELETE, INSERT);

getNullOk(rs) a logical vector describingwhich fields in the result setrs accept
NULL values;

getInfo(dbObject, what) extract the field what from the meta-datalist associ-
atedwith the objectdbObject. A dbObject refersto any R/S databaseobject
reference,i.e.,dbManger, dbConnections, dbResult or dbResultSet.

9 Database Transactions

SincetheMySQL systemdoesnot definetransactions(asof version3.23)theR/Simple-
mentationsimply ignorescallsto commit androllback.
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10 Limitations

NotethatthecurrentMySQL interfacehasnotimplementedthesetDataMappingmethod
for dbResultSet objects,and in particular, dateandother time fields arereturnedas
characterstrings— usersneedto convertthemto their favoritedata/timeclassesof objects.
Also, the implementationinappropriatelyoverloadsthe functionality of the dbResult
classin theclassresultSet.

11 More Examples

Somemoreexamples:

# Extract meta-data information. What MySQL databases
# are there available on host "wyner"
> getDatabases(m, host = "wyner")

Database
1 mysql
2 opto
3 test
4 iptraffic
5 fraud

# What tables are there in the "opto" database?

> dbTables(m, dbname = "opto", host = "wyner")
Tables in opto

1 PBCT
2 PURGE
3 WL
4 liv25
5 liv85

# let’s look at some result set meta-data

> con <- dbConnect(mgr)
> rs <- dbExecStatement(con, query.sql)

> getStatement(rs)
[1] "show tables"

> hasCompleted(rs)
[1] 0

> getRowCount(rs)
[1] 3

> info <- getInfo(rs)
> names(info)
[1] "statement" "isSelect" "rowsAffected"
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[4] "rowCount" "completed" "fieldDescription"

# the following are pieces of meta-data associated with
# the R/S DBI implementation, versions for the various pieces
# of software (client, server, interface), etc.

# dbManager object

> names(getInfo(m))
[1] "connectionIds" "fetch_default_rec"
[3] "managerId" "length"
[5] "num_con" "counter"
[7] "clientVersion"

# dbConnection object

> names(getInfo(con))
[1] "host" "user"
[3] "dbname" "conType"
[5] "serverVersion" "protocolVersion"
[7] "threadId" "rsId"

# resultSet object

> names(getInfo(rs))
[1] "statement" "isSelect"
[3] "rowsAffected" "rowCount"
[5] "completed" "fieldDescription"

Seetheon-linedocumentationfor moredetails.

12 Resources

This implementationfollows theproposedR/SDatabaseInterface(DBI); the latestdocu-
mentationandsoftwareis availableat www.omegahat.org. The R communityhasdevel-
opedinterfacesto somedatabases:RmSQLis an interfaceto themSQLdatabasewritten
by TorstenHothorn;RPgSQLis aninterfaceto PostgreSQLandwaswrittenby TimothyH.
Keitt; finally, RODBCis aninterfacerunningunderWindowsto ODBC,andit waswritten
by MichaelLapsley.
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A Obtaining and Installing the Software

Youmayobtainthesoftwareeitherfrom http://www.omegahat.org/contrib/RS-DBI,
http://stat.bell-labs.com/stat/RS-DBI, or http://cran.r-project.org.

To useRMySQLyou will needR version1.2.0or later;to install,simply type

R CMD INSTALL RMySQL_<version>.tar.gz

whereRMySQL <version>.tar.gz is the file you obtainedfrom one of the above
places.

To useSMySQL you will needSplusversion5.0 or later; to install, untar the file
SMySQL <version>.tar.gz andfollow theinstructionsin thefile Installation.

Theversion(for R andS) asof March1st,2001,is 0.4.1.
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