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Abstract

Global e-Commete and mass-outead e-Gosernane
programs have brough into sharp focus the need for
datebase systemsto store and manipuate text data effi-
cientlyin a suiteof natural languages. Whilesomemeanof
storingand queryingmultilingual dataare providedby all
currentdatebasesystemso thebestof our knowledje there
hasbeemo prior studyoftheir functiondity or efficiercyin
thisregard. In this paper, we explore the multilingud sup-
port neededby the usercommunityand whatis currently
provided by the popuar datatasesystemdo satisfythese
need. Spedically, a commrison of multilingual featuies
supprtedbythedatebasesystemss providedagainst a set
ofrelevantparametes. Initial resultsfromour performane
studyindicatethatseriouslacunae existin theperformane
with respectto multilingual data. We proposea new data
type and associateddatabae systemarchitectue compo-
nens for makirg the performanceof the datalase system
to be language indepenlent. Resultsfrom our initial im-
plememation of thepropcsedmethodtogy are encauraging
indicating thevalueof sud an approad.

1. Intr oduction

The rapidly acceleratig trend of globdization of busi-
nessesandthe succesof e-Gorernance solutionsrequie
datato be storedandmanipdatedin mary differentnatual
langlages.As the primarydatarepositoy for suchapplica-
tions, databasesystemaeedto be efficient with respecto
multilingual data. While all currentcommecial andopen-
sour@ databaesystemsuppot somemeanof storingand
manipulating suchdata,to the bestof our knowledgethere
hasbeenno prior study of their fundionality or efficiency
in thisregard. This paperexploresthe multilingual suppot
neecedby theusercomnunity andthefeatuesprovidedby
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popular databaseystemgo satisfythe same.We definea
setof parametesin themultilingualarenaandcomparehow
the popular databasesystemsmeasue up with respectto
theseparametes. We alsoprovide someinitial resultsfrom
our perfamancestudy which indicatethat seriouslacunae
exist in perfamancewith respectto handlirg of multilin-
gual data. We proposea new datatype andenhanements
to thedatabaearchitectue to handlemultilingual character
setsefficiently andequitably

Theremairderof this paperis organizedasfollows: Sec-
tion 2 definesa setof requrementsto be suppoted by the
databasewith appopriateexanples. Section3 providesa
suney of databasesystemssuppat for the above requre-
mentsandprovidessomepreliminay resultsfrom our per
formanceexperiments. Section4 enurneratespossiblere-
searchaveniesfor the databaseomrmunity to provide effi-
cientmultilingual suppat for theusers.

2. User Requirements for Multilingual
port in DatabaseSystems

Sup-

In this sectionwe specify the requiementsof usersof
multilingual databasesyith exampes from typical appli-
cations.

2.1 Storageand Querying Requirement

Amongthe primary drivers for the needof multilingual
informationis thepheromenalgrowth of thelnterretandits
impacton globale-Commere ande-Goverrancesolutiors
for massoutreat. The volumeandusageof suchsystems
critically requite the multilingual datato be storedandma-
nipuatedefficiently.

ConsiderBhoomi[3], one suchreal-life e-Gorernaice
systenof the Stateof Karnatalain India. Bhoaniis acom-
puteizedlandrecods systemstoringabou 20 million land
recons of rural farmlardsin the state. The datais stored
in the local languageof the state,Kannala, asthe system



is intenced to provide friendly accesgo the farmes of the
state. Efforts are undeway in different statesto develop
information systemsalongthe lines of Bhoom;j in the re-
spectve regiomal languags. Recordsfrom a hypothetical
natioral databasehat integratesinformation from all such
regional databasemayresemblghosein Figurel.

Last Name First Name Survey ID Address PAN#

(Mubtifingual) (Mutifngual) (English) {Multitingual) (English)
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112.1M

Miller Pascale
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Figure 1. SampleRecordsfrom a National Land
RecordsDatabase

The basicmultilingual requrementis that the datatase
systemmust be capale of storing datain different lan-
guayes. While in specificinstancest may be necessaryo
restrictthedatastoredn acolumnto asinglelanguag type,
it maynotalwaysbe possibleor desirableto malke suchre-
striction universal. In the exanple abore, text stringsin
differentlangugesmay be storedin the samecolurm and
a multilingual string may containcharatersfrom different
languages.

The datamustbe quenable using quel stringsin ary
of the languag@s and SQL langua@ primitives must sup-
pott suchrequrements. The needfor having queryinter-
faceitself in differentlanguagsis not specifiedas a re-
quirementand is left for individual user communities to
designandimplemen. The outpu of the quely coud be
multilingual andin suchcaseghe presentatio order must
be intuitive and as per corventimns specifiedin thoselan-
guayes.Fromdatabaepointof view, proger sortingof mul-
tilingual stringsasperlocal conventiors is a necessitypoth
for proper useroutpu andfor interna databas@rocessing,
suchasindex building. The userinterfae issuesare not
specified,asthe databasdandlegtext stringsin their log-
ical order [5] only. Formdly, the Storage and Queryre-
guiremen may be statedas:

The storage and queryability of multilingual data
must be as intuitive as those in default database char-
acter set; the output must be presented as per the con-
ventions of the multilingual script.

2.2 Interopeability Requirement

Themultilingual datastoredin adatabasenustbemean-
ingful for othersystemsaswell. For exampe, therecord

of the Land Record databaseshovn in Figure 1 mustbe
availableto othersystemsn a formatthatis recogrzable
by thosesystemsThouwgh proprietaryformatsmaybespec-
ified andfine tunedfor the requirenentsof specificappli-
cationsusuallytheinterogerability suffers, andhene such
proprietaryformas mustnotexist in anincreasinglymulti-
lingud world, at leastnot at the interfacelevel. Formally;
theInteroperability requiremen maybestatedas:

The multilingual data must be stored in such a for-
mat that it is interchangeable with other information
systems transparently.

2.3 Language Independen@ Requirement

We expectthatglobale-tusinessesuchasAmazorcom
would be providing customizedserviceto their customes
in the regional languagesin due couse. Giventhatunder
suchcustomization the pagesneedto be geneated with
multilingual datadynamically at the accesgime, the sys-
temsmustbe equally efficient in ary of the languags of
choice. The prime requilementhereis that a usershould
not be hamperedby thelanguageof his or herchoice;that
is, the perfomanceof the datalasefor two languagesmust
be identicd, if the size of the repetoires are the similar.
Thouwgh efficiency is awell acceptedact,we stateit explic-
itly asfollows:

Access and processing of the multilingual data
must be efficient and independent of the type of lan-
guage stored and processed.

2.4 Lexical Procesing Requirement

While [in]equality of textual informationis well uncer
stoodwithin a singlescript, we stronglybelieve thatequiv-
alenceacrosdanguagesalsomustbe suppated. Consider
thefollowing requiranentof Governmen of India: A citi-
zenof Indiais requiral to file a Tax Returnonly if he has
botha landregistration andatelephme subscriptio in his
name(This simple caseis culled out of a real and more
comple requirrmen}. Such peoplewho satisfy both re-
guirementscanbe enurneratedby joining therecods from
the Land Recordsdatabae showvn in Figurel with recors
from the Teleptone Subscriler databasewhich is usually
in English,asshavnin Figure2.

The quey to get the potential tax-payers needsto
join multilingual nameattributes from the Land Record
databas&ith Englishnameattributesfrom Telephom Sub-
scriber databasgand join perhgs other salient demo-
graphic attributesnot shownhere), asshavn below:

Sel ect T.FirstNane, T. Last Nane, T. Addr ess
From Land L, Tel ephone T
Where L. FirstNane = T. First Nane

and L. Last Nane = T. Last Nang;



Tel # Last Name |First Name | Address Type
5253367 [Bharati |Narayan [475, HAL Layout, Bangalore 560038 RES
3942737 | Tata J.R.D. 1, Sir Cv Raman Road, Bangalore 560012 |psL

5295510 [Turing  |Alan 1912, cambridge Ave, Bangalore 560008 |psp

Figure 2. Sample Recordsfrom TelephoneSub-
scriber Database

Suchneedto integrate datafrom diversecharactersets
is amplifiedfurtherwhenoneconsides internatioral orga-
nizatiors suchasInterpol or UNESCO,which hande data
in any/all of theworld's langlages.We referto suchcross-
scriptjoins asLexical Joins Clearly, suchcomprisonre-
guiresanotion of equivdencebetweercharacterérom dif-
feren scripts. We specifysucha Lexical Join requiemen
asfollows:

Character strings in different scripts may need to
be compared using pre-defined lexical mappings be-
tween the characters of those scripts.

2.5 Linguistic ProcessingRequirement

Joiningon attributescontainirg datafrom differentlan-
guayesneednot berestrictedto lexical level only, but may
be exterded to meating of individual dataitems as well.
Suppmse, in the abore example, identification of poten-
tial tax payes requile compaison of an additiond demo-
graphic attribute, Gender Thevaluesfor suchattributemay
be specifieddifferentlyin different langwages(and hene
neitherequal nor equivalent lexically), but they areall
equvalentlinguistically to oneof {Male, Femalg. In such
casesmatclhing of datarequiresa linguistically enhared
join operdor, whichmaymatchdataitemsacrasslanguags
usinglinguistic resouressuchasDictionariesor Thesau.

We referto suchcross-laguaggoins on meanimsof at-
tributesasLinguistic Joins Therequiementfor Linguistic
Join maybeformally statedas:

Data values from different languages may need to
be compared using pre-defined linguistic mapping be-
tween words or phrases of different languages.

However, wewouldliketo emphasizéerethatlinguistic
processings afertile disciplineonits own. We proposethe
integrationof suchlinguistictechndogieswith databaset®
sene the needsof the users. The specificatiorof exactre-
quirementdor suchintegrationis openendedandis beyond
thescopeof this pape. However, we recogquizethatsuchin-
tegration of Linguistic andDatabaséechrologieswill hap-
penin duecourseandthe simple Linguistic Join opeator
outlinedheremaybeafirst stepin thatdirectian.

3 Current Support for Multilingual Data in
Databases

We startthis sectionwith somebackgoundinformation
that may be neede to uncerstandthe multilingud issues.
Next, a brief outline of the suppot specifiedin the SQL
standard for processingof multilingual datais provided.
For compaing popular databaesystemsye chosea setof
paranetersthat arerelevant andhighlight the suppot pro-
vided by eachdatabaesystemfor this suite of paraneters.
Subseqgantly, we provide a summaryof how the requre-
mentsoutlinedin Section2 are satisfiedby the databae
systemsconsidered We condude the sectionwith some
sampleresultsfrom our multilingual perfomanceexperi-
ments.

3.1 Background Concepts

In this sub-sectia, we provide somebasicconceps in
encodhng lexical data. An informed reade may skip this
sectionandgo directly to Section3.2.

3.11 Character Setand Encoding

A Character is thoudht of asthe smallestcompment of
writtenlanglagethathasa semantiovalue. Thesetof all the
charatersin alanguagis calleda Repertoire. A Charac-
ter Encaling assigns unique valueto eachof the charac-
tersin arepetoire. There areseveralwell-knowvn encodirg,
suchas ASCII, ISCII [1], 1SO-8&9 [7] and Unicade [5],
thatform the basisfor storageandinterchaige of text data
amorg compuer systemsWhile ISO-88% basedcharacter
setsarethe mostwidely usedcurrently, Unicodeis becan-
ing adefactostandardor globalinterctangeof information.

3.12 UnicodeEncoding

Unicode [5] is a universal chaacter encodiig standard
that allows storageof characterfrom ary known alpha-
betorideogaphicsystemderivedfrom thelSO10616 stan-
dard[8], calledUniversal CharacterSetor UC'S —2. UCS-
2 provides a unique 2-byte code for every character no
matterwhattheplatform, programmirg ervironmeri or lan-
guage. Unicock hasallocatedencodng for every character
alongthesamelinesasUCS-2. Theencaling arearrangd
in CharacterBlocks which enco@scontigwuslythe char
actersof a given repertare, typically charactes in a single
script. Thecharactesfrom acodeblockmaysuppot multi-
ple langua@s,but usuallya singlelanguae maybe sened
by asinglecodeblock only. Unicodealsospecifies3 differ-
entbyteencodng (UTF —8,UTF —16 andUT F — 32) to
storethesamecharatercodesputin abyte,wordor dowble
word oriental formas. Eachof theseencodimg areequia-
lentandcanbetransfamedin to eachotherby simple,fast



bit-wise operatims. A verdor is free to chooseary of the
abore threeencodhgsto befully compliart with Unicade.

Representation
(Hexadecimal)

Narayan E4.16.27.16.97.16.E6

Narayan 00.E4.00.16.00.27.00.16.00.97.00.16.00.E6
E4.16.27.16.97.16.E6

Lang. Encoding String

English ASCll
English | Unicode (UTF-15)
English Unicode (UTF-8) Narayan

ToTVCTHAT
ToTCTR®
ToTVCTHRT

AG.BE.BO.BE.AF.AZ.CD
OB.A2.0B.BE.0OB.BD.0OB.BE.0OB.AF.0B.A3.0B.CD

EO.AE.AB.E0.AE.BE.EQ.AE.BO.ED. AE.BE.ED.AE.
AF.ED.AE.A3.E0.AF.BD

Kannada | ISCH
Kannada | Unicode (UTF-16)
Kannada | Unicode (UTF-8)

Figure 3. SampleEncodingin Various Formats

Figure3illustratescharaterrepresentatiorof equivalent
multilexical stringsin ASCIl and Unicodeencodimgs. It
shoud be notedthatthe UTF-8 encodng preseres ASCII
encaling, while tripling the sizeof Indic stringsfrom their
proprietarylSCIl encodng. TheUTF-16encodng doubes
thesizeof datafor bothASCII andISCII strings.

3.2 What doesthe SQL Standard offer?

Until theSQL-92[12] standadl, therewasnotmuchsup-
pott specifiedin relatioral database$or languagesother
than English, which was assumeds a default. However,
in late eightiesthe needfor suppoting multiple character
setswasrecoglized and specificationsavereintrodwcedin
the standardo overcomethis deficiercy.

In the multilingual arera, the SQL-92 Standardsuppots
the specificatiorof a datatypeto storemultilingual charac-
ters,calledNATIONAL CHAR (alsoreferreltoasN Char)
thatis very similar to charater datatype but wide enowgh
to hold multilingual data. A table columnmay be spec-
ified as an NChar type and chaactersfrom ary natioral
chamactersetmay be storedin sucha colum. Also, since
the natioral charater setmay sortdifferently from defaut
datalasecharacteset,the SQL standardillows the specifi-
cationof collation sequenesto correctly sortandindex the
data.Significarily, theformat of storageof natioral charac-
ter setis left unspecifiedandthe databaseendas arefree
to chooseary format for storage. Specificationsare also
providedfor restrictinga NCharcolumnto storecharaters
only from a specifiedrepetoire. Thestandardpecifieghat
compmrisonof two NCharstringsis valid only with respect
to arepertare andconsides compaisonacrosgepertares
ashinaly comparison,with theassumptiorthatcomparison
of chamctersacrosgepertiresis meanimgless.

Finally, eventherecentlyrelease®&QL standard- called
SQL:199 [13], hasnotgonebeyond SQL-92in theareaof
multilingualism.

3.3 What do Popular Databases offer?

In the academiandresearctcommunity, a few progri-
etary multilingual databasesystemshave beendeveloped
anddeplored,suchas[9] and[11]. While thesesystemsare
extersivein theirlexical andlinguistic capaliities, theirap-
plicability is limited to specificdomains. Therefore,in this
paper we focus primaily on the popuar genera pumpose
databassystemssuchasOracle9i (9.0.1), Microsdt SQL
Sener200 (8.00194) IBM DB2 UniversalSener (7.10)
andMySQL (4.0.3 Beta).

In thefollowing sub-sectionwe specifya variety of pa-
rametes to evaluatemultilingual supprt and asseshow
thesedatalasesmeasuraip on theseparametes. Only the
paranetersthatdirectly impactdatabas@rocessingrese-
lectedfor comparison. We would like to emphasizehat
issuessuch as Internaionalizatia/Localizationthat refer
to the processf makinga pieceof software portabbe and
customisale acrosslanguagesand Layou/Renderingthat
dealwith displayof multilingualtext for the userinterfaces
arenot consicered,as thesedo not impact databae pro-
cessingHowever, they sharesomecomnon resouceswith
databasesuchaslLocale

3.31 Storage Format of Multilingual Data

While the 8-hit 1ISO-8359 basedcharactersetsare the de-
fault charactersetsin mostdatabaseystemsthe mainis-
suewith themis that their width is not suficient to store
multilingual data. However, most databae systemshave
taken either Unicode or UCS-2 as the storageformat for
implementing NChardatatype. While Oracle9i andDB2
have allowed userspecificationof NCharasoneof UTF-8
or UTF-16 SQL SenerstoredNCharasUCS-2.Theopen-
sourceMySQL plars to add suppat for Unicode, thoudh
thisfeatue is not availableasyet.

While Unicode achieves a muchneededstandardiztion
for interoperability, theremay be undesirake side effects
resultingfrom improper userchoiceof the storageformat
for NChar Thosedatabasethatallow UTF-8 format may
offer a betterspaceefficiency for datathatis dominaed by
ASCII-basedscripts,whereaghe sameUTF-8 format may
triple thesizeof thedatabaséor datathatis predaminantly
in Indic scripts. The UTF-16 encodng doubesthe size of
thedatabasén boththe casesTheincreasedpacedirectly
translatedo increasedystencostandalsohasadwerseim-
pacton the queryperformane. However, the storagesize
alsodepend onwhetherthedatabassystenuseghespeci-
fiedformat for thestorageor hasimplementedgomeinternal
optimizaions.



3.32 Collation Sequences

TheCollationsequeneis fundanentalto mostdatabaeop-
eratiors, suchas compaison, sortingandindexing. Uni-
cock consotium hasspecifiedthe semanticof compaing
two Unicock stringsin [6]. Briefly, this collationalgorithm
malkesuseof threelevelsof sorting,basednthebasechar
acterspasecharacteplusthediacriticalmarksor thecom-
binatin of the basecharaters, diacritical marks and the
caseof theletter. Thecollationalgoiithm alsoprovidessup-
pott for additioral comparisonlevels that canbe specified
by users.If no sortsequeneis specifiedfor a multilingual
colum, the sortorder is takento bebinary

All the commecial databaes supmrt Unicode colla-
tions along with all threelevels of compaison. Oracle
hasabou 50 pre-definedcollationswhile DB2 hasabou
40 pre-cefined collations. However, usersmust use only
oneof thesepre-cefinedcollations. SQL Sener usescolla-
tionsdefinedn theundetying Windows OS,thusproviding
a tighter integration with otherlanglagehandlirg compm-
nens of thesystem MySQL haspre-cefinedabout23colla-
tionsandalsoallows usersto definenew collatiors through
sour@-codechangs.While flexible, thisappro@&hrequres
sour@ knowledge and expettise and may leadto potertial
incorsistencies Oracleand DB2 alsosuppat multilingual
sorts,which allow sortsof a mixedlanguagestringsfrom a
limited setof languages. Thowgh userspecifiedcollations
areallowedin SQL standard, nocomnercialdatabassys-
temshasimplementedthis featue.

3.33 Multilingual Data Indexing

Collationsequenesareusedto build indexes on specificat-
tributes. All the databasesuppat indiceson multilingual
datausingone of the pre-definedcollation sequenes. Or-
acleand DB2 allow multiple indices on the samecolumn
usingdifferentcollationsallowing the samedatato be pro-
cessedvith different languagecorventiors. It is not clear
from ourreadingwhetherSQL Sener supmrtsmultiple in-
dices.

3.34 Lexical/ Linguistic Query processing

Whenwe considemueryprocessingwith langliagedatathe
differencedetweerDatabase Systemshatfocus on repre-
sentatiorandefficient manipuation andNatural Langlage
Processingthat focuseson semanticcontent, are brought
into focus. However, thesedisciplinesare compgementary
to eachotherandmay symbidically provide enharcedser
viceto theusersn Interretera.

Query processingin multilingual ervironments could
vary from being a simple string matching (in different
scripts)to a comgex semanticquel, by consideing or-
thogonalvariatians of transliteratio or translatiorof query

andstoreddata,semantiocor thematicquerying, andcross-
languageretrieval usingricher linguistic resoucessuchas
Wordnet[2].

All the lexical and linguistic quel processing require
varying amountsof linguistic proessing sincenolinguistic
processingis specifiedin SQL standadls, eachvendr has
taken their own apprachfor hardling suchqueries,mak-
ing compaison betweerthemdifficult. MySQL hasavery
rudimentarysupprt for naturallanguagequeriesbut plans
to addlinguistic proessingto the sener. SQL Sener pro-
videslinguistic analysisandqueryng in a handfu of lan-
guages. DB2 hasintegratedwith normal SQL, text pro-
cessingfeaturesthat offer a rich setof linguistic featues
for queryprocessing. Featuresnclude linguistic indexing
of datausing morghologcal and other linguistic analysis
tools andretrievad usingsemanticmatchirg of query key-
words. Oracles Text Sener Option providesa similar set
of featuresgnharedby rich indexing schemesHowever,
theseadvanedcapaliities arelimited to documentsin only
ahandul of languges— primaily WesternEuropeananda
few EastAsianlanguages.However, eachvenda hasplans
to addmorelanguagsin the future versions.

3.35 Summary of Multilingual Support by Commer-
cial Systems

The comprisonof featuresdiscussedn the preceling sec-
tionsis summarizedn Tablel. Keepirg in mind thosere-
quirementsthatarespecifiedn Section2, we obserethatin
geneal all the databae systemdave implenentedequia-
lentsuppat for multilingual Storage andQueryingrequire-
mentusingawide NCharforma andNCharpredcatesthat
areequialentto Charpredcates.Thecommecial databae
systemssuppot Unicodeor UCS-2for Interopeability re-
guirement, while MySQL has promisedsuppat for Uni-
codesoon. The questionof how efficientthe databaseys-
temsarein suppeting multilingualism - the Language In-
depenlencerequirenent,is exploredin the Section3.4.

Thesuppat for Lexical Processings notavailablein any
of the databaseystemsyet, asall have assumedhatcom-
parisonacrossscriptsis mearingless. We explore this re-
guirementin ourresearclagenain Section4. Suppot for
theLinguisticprocessingequilements notuniformamory
the databasegjueto the factthat SQL Standard$iave not
specifiedguidelineson thesefeatuesyet. However, arich
setof featuresareprovidedby all commercialdatabasefor
linguisticqueling of undetying datathoughsuchcapabil-
ities arecurrenly restrictedo ahandfil of languages.

3.4 Multi lingual Performance Analysis
To quantify the perfomanceof the databae systems

with respecto handlirg of multilingual text data,we con-
ducteda setof experimentson a popular databasesystem



Database || Oracle 9i Micr osoft IBM MySQL
Inter net Server SQL Server2000 Universal Server
Storage SupportdJnicode3.01 SupportdJnicode3.01 SupportdJnicode3.01 No Unicode
Format NCharasUTF-8or 16 NCharasUCS-2 NCharasUTF-8or 16 suppat yet.
SupportdJTF-8for XML
Collation Compliesto Unicode Compliesto Unicode Compliesto Unicode Collationsare
Sequence || Standards Standards Standards userdefinable.
All 3 Unicodelevels All 3 Unicodelevels All 3 Unicodelevels by source changes.
with pre-specified; pre-specified; pre-specified;
Supports Integratedwith Supports
cross-linguakorts collationsfrom OS cross-linguakorts
Indexing Index usingCollations Index usingCollations Index usingCollations Index usingCollation
Multiple Indexes Linguistic Indexes
Query NCharcanuseall NCharcanuseall NCharcanuseall Supportgudimentary
Processing|| Charpredicates Charpredicates Charpredicates Natural Language
Implicit corversiors used Implicit corversimsused | Queryfacility
in predicatesvith in predicatesvith
CHAR & NChar CHAR & NChar
Locale About50 Locales Usesall Locale About40 Locale About23Locale
pre-specified specifiedn Windows OS | pre-specified pre-specified

Table 1. Comparison of Commercial Databasesvis-a-\vis Multilingual Support

with two differentdatasets;thefirst datasetcontaireddata
in ASCII andtheseconctontainedequivdent Unicock data
in Indic scriptsin the popuar UTF-8 encoding. Datasetsof

abait 240MB sizeweregenergedusingamodfied TPC-H

datagereratorandloadedonto the datalasesystemunder
study The testswererun on a standardPentium1.7GHz

machne with 512MB memay. Carefully chosenqueies

thatapprximatethe perfamane of standad relationalop-

eratos wererun. Typical experimentinvolved measuring
ruming time for equivalentqueres involving integers (for

establishinga baseline) Charand NChartext. A sample
of run timesfrom our initial experimentswith one of the

datalasesystemss provided in Table2. Space-wisewe

obseved thatthe storageneededor NChardatais nearly
twice thatof equialert Chardata.

Relational || Integer | Char | NChar Operator
Operator Data | Data | Data Slowdown
(Sec) | (See) | (Sec) || (Char vs NChar)
TableScan 8 9 26 188%
Index Scan|| 0.11 0.12 0.33 165%
Join 27 97 171 76%

Table 2. Performanceof Relational Operators

We obsenre that unde defaut paranetersfor the ma-
chineg OS and the databasethe multilingual queriesare
significarily slower, asshowvn in Table2. Clearly, suchin-
efficiendes in the basicrelational operatos are bound to
affea overall query perfomance. Further what is more

worrisone is the factthatwe obseve thatthe optimizeris
not correctly estimatingsuchslovdown, which coud po-
tentially have a majorimpacton quey performarce by al-
lowing inefficient plansto be selected.

4 A Reseach Proposalfor Multilingual Sup-
port in Databases

Sofarin thepape, we have highlightedtherequiements
from the usercommunity andthe suppat provided by the
popular databasesystemsyis-a-vis multilingual data. All
gaps betweenthe two mustbe addressedby the databae
researchcommuity and in the remainer of this paper
we discussthree importari researchissuesthat needto
be addessedor wider adogion of multilingual databases:
lexical and linguistic featue enhancementsn databaes,
bendmarksuitesfor featureandperiormarce analysis,and
datebasearchitecture compmentsfor efficient suppat for
multilingual data.

4.1 Lexical and Linguistic Features

411 Lexical Join Operator

As per SQL-92standardcompaison of two stringsis con-
sideredto be meanindul only if they are from the same
repetoire. SinceNChardoesnot containthe repetoire in-
formationthe comparisonof two NCharstringsis primarily
consideedasa binary comparison. Clearly, this restriction



hasanimpacton Lexical ProcessingRequirenentgivenin
Section2.

Equality comparisonof stringsfrom differert languags
males sensefor praper nowns, thoughwe recoqize that
suchcompmrisonsmaybelimited to stringsfrom languags
within anequialen setof langua@s. While the definition
of the equivalencesetsof languagesandequivalenceof in-
dividual charactes in a given pair of langwagesareleft to
linguists, we maintainthat suchequivalenceoncedefined,
maybe usedfor lexical joining of data.

We believethatthereis valueto suchlexical comparisons
andsuggst that SQL extensics may be definedfor such
comparisons;further, we recommendthatit beincludedin
thefuture SQL standards.

4.12 Lingual Join Operator

Thelexical matchingcapabilitiesof databassystemsising
Lexical Join maybeextendel furtherto matchirg on mean-
ing of attributesaswell. We proposeanothe new join oper
ator, tentatvely calledLingud Join, to matchon semantic
values of attributesusinggeneric,multi-purpcse linguistic
resouces,suchasWordNet[2]. Thenecessariinguistic re-
sour@sthatmapequialentcon@ptsbetweerpairsof lan-
guayesmustbe definedby linguists andbe taken asinput
for implemerting Lingud Join opesators.
Giventhatthelinguistic resource suchasWordNetneed
to be modded as densegraphs, storingthemin relatioral
datatase systemsparallelsthe well-known efforts in the
areaof mappng of databetweenXML andrelatioral for-
matsasillustratedin [15]. Further availability of suchrich
linguistic resource in multiple languagesin the datatase
systemsnay beusefulfor linguistic researcheraswell.

4.2 PerformanceBenchmarks

Thouwgh traditiondly the databaesare usedfor large
amounts of enterpise data, multilingual text is beconing
a major corponen of the databasestoragetoday While
several bencimarkssuchasTPCbenctmarks[4], areavail-
ablefor compaing perfamance of databaeswith respect
to traditionaldata,nore exists for measurig efficiengy of
datalaseswith respectto multilingual data,to our knowl-
edee. It is our beliefthatsuchperformane differentialsas
highlightedin Table2 will existin mostdatabasesystems,
thowhtheextentof suchdeviationsis unkrown atthistime.

All such obsenations point to the needfor a well-
acceptd andwell-trustedframework for comparingdiffer-
ent databasesystemsto aid the usersin selectingan ap-
propriate databasesystemfor their need. Sucha bench-
mark shouldtest overall functionality and perfamanceof
the databasesystemsand performarce of crudal system
compmnens suchasQueryOptimizer

4.3 A Proposd Datatype — LChar

Ourinitial analysisof performarce resultssuggststhat
the differencesn perfomanceareprimarily attributalde to
the increasedstorag neededor multilingual data. While
Unicoce providesintergoerability it hasan adwerse effect
on storage.Hence,it is essentiato find a way of redudng
the stora@ spaceneededwithout compramising Unicode
standard.

We outline hereour apprachto redu@ the spaceover-
headsfor Unicade stringsthat is consistentwith Unicode
standard. We propsea new datatype — LChar, which
storesa given Unicoce string astwo piecesinternally, the
first piecestoringthe codeblock of the string asthe meta
datafor thethe seconiecethatstoreshe offsetsfor every
charater in to the codeblock This apprachstemsfrom
our obsevationthatwhile mostUnicodecoce blockscon-
tain lessthan 256 charaters (thusrequiring only onebyte
for storageof the offset),the defaut 2-byte represetation
is usedfor storingeachcharactein UTF-16 Giventhata
dataitemis mostlikely to bein a singlelanguae, the bits
encodhg the codeblock are merelyrepeded for eachand
evety charactethatis a partof the text string. The corre-
spondng Unicoce string may be gereratedon demandat
memay speedspy comhining the meta-data(code blodk
informatian) with the datastring (offsetg, usinga simple
andefficient bit-wise operation

4.4 A ProposedDatabas Ar chitecture for Multi-
lingual Environments

Assemblingall the piecesabore, we proposea set of
databasarchitectue compmentsfor efficientprocessingf
multilingual data,asshowvn in Figure4. Our proposalsare
highlightedby shadedoxesin thefigure

We propase that the new data type definedabore —
LChar, beimplemened as the storageformat for multi-
lingud charactes. Suchanimplemenationwould be effi-
cientstoragewise andwould alsosatisfythe Language In-
depewnlencerequiranent. To suppet LChar datatype, the
following changsto the databaserchtectureareneeded:
Databasecatalogmustbe enhawed to model LChar data
typeandpropea schemesnustbedevisedto efficiently store
and processthe split repesentatiorof LChar strings. The
guel processingnodulemustimplementchangsto Parser
to take into accoum the enhalwed SQL syntaxandfor con-
verting input Unicodestringsto LChar strings. The Opti-
mizer and Code Generatormust be modfied to take into
account the mappingof the userquesy to aninternalquay
that handes the split imageof LChar stringsfor a given
Unicoce string. Changs mustbe madein optimizermod-
ulesto mockl thecostsassociateavith nev LChardatatype
accurgely, to aid the properquay planselection.Further
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Figure 4. Architecture

optimizer mis-estimatef quaieswith NChardatatypeis a
majorweakpoint thatwe found in our initial expeliments.
Buffer and File managmentmodules in the core of the
datatasesener mustbeenhanedwith thenew LChardata
type, by implemetning efficient bit-wise operatimsto con-
vett stringsbetweerlJnicodeandLChar Semantic®f con-
versionsbetweerl. Charandotherdatabaseéatatypesmust
be defined thoudh we exped themto be very similar to
thoseof Unicade baseddatatype.

Mostimportantly, the databasengire mustbe modified
to storethe lexical resoucesto implemen Lexical Join.
The mappirg tablesbetweenpairs of languags must be
storedin main memay for efficient accessas we expect
themappng tablesto have a smallfootprint.

We proposewider adogion of linguistic techndogies
and implenmentationof Linguistic Join, usinglinguistic
resouces. ResourcesuchasWordNet[14] may be use-
ful in compring meanimys of wordsin differentlanguages,
if a proper synsetmappirg is availablebetweenWordNets
of different langwages. The availability of suchresouces
in differentlanguageswill helpto make implemertation of
linguistic operatas possible.

5 Conclusion

In this paperwe presenteda set of requrementsfrom
the usercommunity for multilingual databaseystemsand
justifiedthe samewith exanplesfrom typical e-Commere
ande-Governance solutions. We provided a surnwey of the
support offered by popula databassystemso satisfysuch
regurements We find thatthe databassystemshave taken
anearuniform apprachin suppating storageandqueryng
requrementsby suppating Unicodce or UCS-2. However,

wide gapsexist in the perfamanceaspectassuggestedby
our preliminary experimentswith a popuar database Se-
rious spaceoverheadsand differercesin the perfamance
of standarddatabas®peratos working on equivalent data
setsin CharandNCharuncerscorethe needfor a compe-
hensve perfomancestudyandperformarceimprovemets.
Further we seethatsomeof the requrementsof usercom-
murity to meige datalexically andlinguistically from dif-
feren langlageds notsatisfiableby current SQL standards.

We proposea comprdiensve solutionto satisfy these
needsby addinga new datatype aswell asnew processing
commnentsto the basicdatalasearchitectue. We suggest
thatthe new operateos outlined herebe consideed for in-
clusionin thefuture versionsof SQL standadsasauniform
mechaism to combinemultilingual data.We arecurrently
engaedin acompehensie studyof all theissuesaisedin
this paperandfull detailsof ourresultswill be madeavail-
ablein [10].
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