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Abstract

We describethe interfacebetweenR and S (Splus)to the OpenSourceMySQL
databassystem.

1 Introduction

MySQL is a mid-size, multi-platform RDBMS popularin the opensourcecommunity
Someof its advantagedncludehigh-performancegpensource andfreefor non-commercial
use.For adetaileddiscussiorandtutorial on usingrelationaldatabasewith R (andhence
S) see[4]; for moredetailson importing/exporting datainto R see[5], for S-Plusseeits
User's Guide For detailson obtainingandinstalling the software describechereseethe
Appendix.

The R/SMySQL interfaceallows multiple connectiongo oneor moreMySQL seners
simultaneouslyup to 100 connections)AlthougheachMySQL connectiorcanonly have
oneopenresultset(openquery)atatime, thisis not a serioudimitation sincewe canvery
easilycloneconnectiongseeSectiond for details).

All functionsdescribedherearedocumentean-line—simply usehel p( MySQL) , for
instanceto readall the details.

2 Interface Summary

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

1. Accesghelibrary

\%

#in R1.1.0 and |l ater versions

l'i brary(RMySQL)

\%

\%

# in Splus5.x and | ater versions

l'ibrary(SMySQ.)

(from now on, we will usel i brary( MySQL) to refergenericallyto eitherthe R
or Simplementation).

\%

2. Initialize the MySQL interface:

> ngr <- dbManager (" M/SQ.")
> n‘gr
MySQ.Manager id = (1455)

3. Opena connectiorto a databasénstance(seeSection5 for detailson userauthenti-
cation):

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


http://www.mysql.org
http://www.mysql.org

4. Meta-data- e.qg.,list of availabletablesonthe database:

> get Tabl es(con)
Tables in opto
PBCT

PURGE

W

liv25

l'iv85

a b ownN -

5. RunanSQL query:

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

6. 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

7. Closetheresultset,the connectionandunloadtheinterface

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

Note that we createdone connection but we could have simultaneoushopenedcon-
nectionsto multiple seners and databasesAlso, we provide corveniencefunctionsfor
importing tablesinto R/S andexportingdat a. f r ame objectsto MySQL, seeSection7
for details.

3 Initialization

Following the paradigndescribedn theRS-DBI[2], we definetheclassMy SQLManager
thatextendsdbManager andimplementshe methodd oad, unl oad, get Ver si on,
in additionto show, descr i be, andothermeta-datanethods.

> library(M/SQ)

> ngr <- dbManager (" MySQ"

> descri be(ngr, verbose =

MySQLManager id = (1249)
Max connections: 16
Conn. processed: 0

)
)


http://stat.bell-labs.com/stat/RS-DBI/proposal.pdf

Default records per fetch: 500
MySQL client version: 3.22.27
RS-DBI version: 0.2
Open connections: 0

Notethatwe createa MySQL databasenanageiobjectngr with acall to dbManager ,
which automaticallyinvokesthel oad methodto initialize the client part of the software
(RandSplaytheroleof clientsto thedatabassener). Aswe canseefromthedescri be
methodthengr objectcanhandleupto 16 simultaneousonnectiongto possiblydifferent
MySQL seners);by defaultthe S/R clientwill bring overupto 500recordsperfetch(see
Section6); it's basedon MySQL client softwareversion3.22.27;andit implementsthe
interfaceRS-DBI version0.2.

Notethatthe My SQLManager objectis asingletonthatis, on subsequerinvocations
it returnsthe sameinitialized object.Useunl oad( ngr) to freeupresource®nceyou'’re
finishedworking with the MySQL database.

4 Connecting to 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 (" MySQ")
> con <- dbConnect (nmgr, dbname = "opto")

# Let’s look at the status of the connection
> describe(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 tSet avail able

ThedbConnect is usedto establisha connectionto one databaseénstance. Notice
thatyou canspecifythe manageiasa charactesstring, "MySQL", acall to MySQL() , or
usedanexisting connectiorobject:

> conl <- dbConnect ("MySQL", group = "vital Anal ysis")

> con2 <- dbConnect (MySQ.(), group = "vital Anal ysis")

> con3 <- dbConnect (conl)



thelaststatemensimply "clones” conl —thatis, it createsa new connectiorto the same
databasenstance,using the sameauthorizationusedfor conl, but it doesnot inherit
conl’sresultset.

In thecaseof MySQL, andmostotherRDBMS, usersneedto provide, atleast,alogin
andpasswerd. Oftentimeswe may alsowantto specify what databasénstancewe want
to connect(e.g.,opt o, i ptraffic). You may specifyall theseagumentin the call
to dbConnect , but this presentsomeserioussecurityrisks, becauséoth R and S are
interpretedanguagesvhosescriptsneedto be readabléby all potentialusers.Thereforea
someavhatmoresecuremechanisnis needed.

5 User Authentication

The preferredmethodto passauthenticationparametergo the sener (e.g., user pass-
word, host) is throughthe MySQL configurationfile $HOVE/ . my. cnf under Unix?.
Sincespecifyingpasswrdson callsto dbConnect is a very badidea(andsois spec-
ifying passwerds through Shell variables),the client code parsesthe configurationfile
$HOVE/ . ny. cnf , afile thatconsistsof zeroor moresections eachstartingwith aline
of theform[ sect i on- nane] . Forinstance

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

user = dj

host = | ocal host

[rs-dbi]
dat abase = s-data

[l asers]

user = opto

dat abase = opto
password = pure-|light
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-specificsectiondo tailor its ervironment;if the sameparameteappearsnorethan
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 (nmgr, group = "iptraffic").

1 For Windows, the MySQL documentatiomescribeghefile c: \ny. cnf



Themostimportantauthenticatioparametersy $HOVE/ . ny. cnf areuser, passwor d,
host , anddat abase. Notethatthedat abase namecannotgoin the[ cl i ent] sec-
tion, but youmaysafelyincludeit underthe[ r s- dbi ] sectionor oneyoudefineyourself.
(See[1].)

# 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 = "wner")
con2 <- dbConnect(ngr, dbnanme = "opto", host = "nerced")

Make sureyou closethe connectiorusingcl ose( con) whenit is nolongerneeded.
Notice thatyou will not be ableto closea connectiorthathaspendingrows to fetch, see
next section.

6 Executing SQL Statements

Oncewe have anopenconnectiorto a databasén a MySQL sener we canexecuteSQL
statementsThe methodsdbExec St at enent , dbExec, andqui ckSQL sendtheirin-

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

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

# Run an SQ. statenment by first creating a resultSet object
> rs <- dbExecSt at enment (con,
statenent = "SELECT w. | aser_id,
w. wavel engt h,
p. cut _of f
FROM W. w, PURGE P
WHERE w. |l aser _id = p.laser_id
ORDER 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] 0

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

You canalsoclosea resultsetto discardpendingrows. Notice, however, thatyou will
not be allowedto closea connectiorthathasa resultsetwith pendingrows — you needto
eitherfetchall therows or closetheresultsetbeforeclosingthe connection.

Thequi ckSQL is asupportfunctionthatcombineshe operationof executinga state-
mentandfetchingits output,thusit makesmostsensdor SELECT-lik e statements.

7 Convenience Import/Export Functions

Thefunctionget Tabl e() ,r enoveTabl e(),exi st sTabl e(),andassi gnTabl e()
mimic theirR/Scounterparget () ,r emove(),exi st s(),andassi gn() (recallthat
get Tabl es() listsall theremotetablesavailableon a connection).Thesefunctionsall
take adatabaseonnectiorobjectandanSQL tablename(plusadat a. f r ane in thecase
of assi gnTabl e() ) toimportinto R/S,delete checkthatthetableexists,andto export
adat a. f r ame tothe DBMS.

# R code

dat a( USArr est s)

con <- dbConnect ("MySQ.", user = "test", dbnane = "test")
> exi stsTabl e(con, "US_ Arrests")

[1] FALSE

> assignTabl e(con, "US Arrests", USArrests)

vV V. V

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

Thesefunctionsallows us to "attach” database$o our S searchpathandaccesghe
databasé¢ransparenthythis functionalityis notyet availablein R):

S> vcon <- dbConnect ("MySQ.", group = "vital Anal ysis")
S> a <- attach(vcon, nmax.rows=25000, translate = T)
S> | s(pos=2)

(pos=2)[1: 5]

[1] " AGGREGATE. APP. TRANTABLE"

[2] " AGGREGATE. APPSRVRPROXY. HTTPTRANTABLE"

[3] "AGGREGATE. GRPAPPSRVRPROXY. HTTPTRANTABLE"

[4] "CLI ENTMAPTABLE"

[5] " DNSTRANTABLE"

> nanes( CLI ENTMAPTABLE)

[1] "CLIENTID' " CLI ENTNAME" " LAST!I PADDRESS"
[4] "LASTENTRYROUTER' "TI MEZONE" OSH
[ 16] " AGENTLI CENSES" " AGENTVERSI ON' " LASTCGROUPI D'



The agumentmax. r ows=25000 preventstableswith morethanthis mary rows to be
imported;theargumentt r ans| at e=T causeall SQL identifiersto betranslatedo valid
Sidentifiers.(For moredetailssee].)

8 Meta-data

Onevery usefulpropertyof RDBMS is that their dataare self-describingasyou already
know, datain S andR arealsoself-describing).Thatis, onecandynamicallyqueryinfor-
mationabouta databasdts tables field namesandfield types,whatindicesaredefinedon
thesetables etc. The R/Sinterfaceto databasedefinesmethodsfor queryingthesemeta-
data,andyou’ll noticethatthesemethodsmimic the R/S notionsof obj ect s, nanes,
cl ass, node, etc. Thesemeta-datanethodsallow usto navigatethe databaséo locate
tablesfields,etc.

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

> descri be(ngr, verbose = F)
MySQLManager id = (1455)
Max connections: 16
Conn. processed: 1
Default records per fetch: 500
Open connections: 1
> get Versi on(ngr)
$"RS-DBI ":
[1] "o0.2"

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

name Scl ass type len precision scale null &K

1 Tables in opto character FIELD. TYPE. STRING 64 64 0

> describe(rs)
MySQLResul t Set id = (1455, 1, 4)
St atement: show t abl es
Has conpl et ed? no
Affected rows: -1
Rows fetched: 1779

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

F



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(con, 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 statemenassociatedh theresultsetr s;

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

get Fi el ds(rs) returnsadat a. f r ane thatfully describeshefieldsof the extracted
rows andavailablethroughr s; thedat a. f r ame has7 columns(field name,R/S
datatype, MySQL datatype, length, precision,scale,and null flag) and eachrow
describeonefield in theresultset;

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

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) a logical vectordescribingwhich fields in the resultsetr s accept
NULL values;

get I nfo(dbObj ect, what) extractthefield what from the meta-datdist associ-
atedwith the objectdbObj ect . A dbQhj ect refersto ary R/S databas@bject
referenceij.e.,dbManger , dbConnect i ons, dbResul t ordbResul t Set .

9 Database Transactions

Sincethe MySQL systemdoesnot definetransactiongasof version3.23)the R/Simple-
mentationsimply ignorescallsto conmi t andr ol | back.



10 Limitations

NotethatthecurrentMySQL interfacehasnotimplementedheset Dat aMappi ng method
for dbResul t Set objects,andin particular dateand othertime fields arereturnedas
charactestrings— usermeedto cornvertthemto their favorite data/timeclasse®f objects.
Also, the implementationinappropriatelyoverloadsthe functionality of the dbResul t
classin theclassr esul t Set .

11 MoreExamples

Somemoreexamples:

# Extract neta-data information. Wiat MySQL dat abases
# are there available on host "wyner"

> get Dat abases(m host = "wyner")
Dat abase
1 nysql
2 opto
3 t est
4 iptraffic
5 fraud
# What tables are there in the "opto" database?
> dbTabl es(m dbnane = "opto", host = "wyner")
Tables in opto
1 PBCT
2 PURCE
3 W
4 liv25
5 l'iv85

H*

let’s look at sone result set neta-data

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

> get Statenent(rs)
[1] "show tabl es"

> hasConpl et ed(rs)
[1] ©

> get RowCount (rs)
[1] 3

> info <- getlnfo(rs)

> nanes(i nfo)
[1] "statenent" "isSel ect" "rowsAf f ect ed"

10



[4] "rowCount" "conpl et ed” "fiel dDescription”

# the followi ng are pieces of neta-data associated with

# the R/'S DBI inplenentation, versions for the various pieces
# of software (client, server, interface), etc.

# dbManager obj ect

> names(getInfo(m)

[1] "connectionlds” "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" "fieldDescription”

Seetheon-linedocumentatiofior moredetails.

12 Resources

This implementatiorfollows the proposed?/S Databasdnterface(DBI); the latestdocu-
mentationand softwareis available at www.omegahat.og. The R communityhasdevel-
opedinterfacesto somedatabasesRmSQLis aninterfaceto the mSQL databasevritten
by TorstenHothorn;RPgSQLis aninterfaceto PostgreSQlandwaswritten by Timothy H.
Keitt; finally, RODBC s aninterfacerunningunderWindows to ODBC, andit waswritten
by MichaelLapslgy.
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A Obtaining and I nstalling the Software

You may obtainthe softwareeitherfrom http://www.omegahat.og/contrib/RS-DB],
http://stat.bell-labs.com/stat/RS-DBIr http://cran.¢project.on.
To useRMySQL you will needR versionl1.2.0or later;to install, simply type

R CVMD | NSTALL RMySQL_<version>.tar. gz

whereRW SQL <ver si on>. t ar. gz is the file you obtainedfrom one of the abore
places.
To use SMySQL you will needSplusversion5.0 or later; to install, untar the file
SMySQL _<ver si on>. t ar. gz andfollow theinstructionsn thefile | nst al | ati on.
Theversion(for R andS) asof March 1st,2001,is 0.4.1.
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