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Abstract

The explosive growth of XML hasled to an increasing
needfor scaleble XML retrieval systemsOur XML retrieval
systemthe SQLGekerator, stores XML of any schemain
a fixed schemarelational database and supports a full-
featured semistuctured query language, XML-QL, through
optimized translation of its sematics to relationa SQL
gueries. This paper examinesthe scalaility of this ap-
proach with regectto increasingdata size We index four
XML collections ranging in sizefrom 500MB to 2GB that
were gereratedusing a stardard XML generator, XBerch.
Wethencompretheexecution timesof 11 standard XBerch
queries,covering a widerange of semisructuredquery fea-
tures whosesematicswere directly translatable fromtheir
original XQuery language to XML-QL. Although it is dif-
ficult to estimatethe theoretical baselinefor scalability of
thesequery feauresin an RDBMS many of the queries
runtimesgrow linearly with resgectto the size of the docu-
ment cdlection.

1. Introduction

The eXtersible Markup Language(XML) is playing an
increasingly importantrole in the excharge of awide vari-
ety of daa on the Web and elsavhere [4]. XML is a self-
describng language whichmears thatit candefineit’ sown
sctema.Furthemore, with dataof ahierachical natue, de-
finedschemasallow XML to maintainhierarctical continu-
ity. Conbined, the hierarchical andself-descibing aspects
of XML allow for trememous flexibility when desigring
XML cdllections.

Becauseof the growth of XML data,efficientmethadsto

store andsearchXML documentsareneecgd Our XML-

QL to SQL trarslator SQLGeneator, indexes XML docu-
mentswith differing schenasinto a static schemarelaional
database.Thenit takes an XML- QL query asinput ard
producesequivalentSQL for that query. By using SQL as
an intermediatestep we avoid the conplexities of build-

ing afull databae engne suwch as index structures, storage
managment, query optimization, andconcureng control.
Additionally, thegeneatedSQL is nottied explicitly to arny
XML schena, DTD, or ary otherrigid XML specificatia.
This emablesthe SQLGererata to work with documentsof
ambitrary XML schemaswithout modfication of the under-
lying relational schema.

In this paper, we denonstratethe scalabilityof the SQL-
Gererata by testingit against increasigly large XML doc-
umert collections. In section2 we discuss previous work
in this area. Section3 givesa brief descrigion of the SQL-
Gererata. In section 4 we presen the resultsof running
spedfic querieson different document collections of vary-
ing sizes. We provide analysis of theseresultsin sectian 5.
Findly, section 6 statesour conclusions.

2. Related Work

XML is a semistructued dataformat. Therdore, it has
no rigid, preddined structure or schkema.In order to seach
XML, a query languagedesignedto seach semistretured
data is neecd [9, 5]. Quely languages have progressed
from simple path based languagesto conplex quely lan-
guagesthat offer a wide range of functionality suchasard
XML -QL [3]. Most semistructured query languageshave
similar undetlying semistrietured quety foundatiors. The
SQLGaemtorimplementsXML- QL, aquery language ini-
tially developedby AT&T Research Laboraories[10].



Due to it's hierachical nature, there is a diversebody
of prior work on methods of staring and indexing XML
data. We chooseto focuson the mettod thatutilizesarela-
tional databae maragenentsystem(RDBMS). Yoshikawa
and Amagasa classfy metlods for desigring a datalase
schkemafor XML into two categories: structured-mappng
approaches and model-mappng approactes [21]. In the
structure-mapgng appoach, a databae sctema is de-
fined for eachXML schemaor Document Type De<rip-
tor (DTD)[19, 20, 14]. The model-mapgng approac ad-
dresseghe issueof mapping schenmalessXML documerts.
In this approach, a fixed datatase schemais usedto store
the structure of all XML documerts. Examges of this in-
cludetheEdge-aientedapproach andthenode-orienedap-
proach.The edye-orientedappoachdevelopedby Florescu
and Kossmaris a simge sclemethatstoresall attibutesin
a single table [12]. Another variart of the edge approach
is to stae the attribute names in arother tade [11] or to
stare all associatias of the sametype in the sarre binary
relation[18]. The node-orientedappoachmainainsnodes
ratherthanedges[21]. With the start and end points of a
node it mairtains a contairmert relationshp for ancestor
descenert relationshirs.

The wide useof XML coupledwith the multiple starage
and querying techiquesavailable hasled to the develop-
ment of numeraus XML searchsystems.The Agora Sys-
tem enploys XML asthe userinterfaceformat, while all
the input to the quely processorcorsists of relatioral tu-
ples[16]. Agora usesa sulset of the Quilt query language
[17] andstors XML into the relationd daabaseusingthe
structure-carientedappoach. Agorawasdemamstraed using
several cdlections of cooking recipes,nutritional informa-
tion, nutritional information ard XML medical files. De-
haanet. a, discisesa systemtha trarslatesan XQuery
guery into anSQL query [8]. The XML documerts are en-
coded using dynarmic intervals which allow themto repre-
sen aniteratel apgication of XQuel expressionson ase-
guenceof XML documentsby asinge relatioral query. The
performarceof two methods utilizin g dynamicintervals are
compared with several other XQuery proces®rs andnative
XML datakase systens. Thetime over specific queries us-
ing differentsystens is thencomparedto shav the validity
of their system.Through experimertation they determned
thatthe dynamic interval-based plansscale(almost)linearly
whenermabed by merge-joinevaluationstrategies Thiswas
a significant improvement over the quadatic behavior ex-
hibited by a number of other XQuery systens. However,
the methad usedto deternine lineartime is basedsolely on
timings from one query and the methals usedto map and
query XML documerts are XQuery depencent. To shav
the scdability of our system, we evaluateit using varying
testcollection sizes.We were unable to locae an XM L-QL
seach engine that that fully supported the functionality of

XML -QL and attemps to be scdable. AT&T’s reference
implementation was developed strictly to show the func-
tionality of XML-QL. Most XML -QL or XQuery ergines
either did not support all the functionality of our XML -QL
systemor storedall of the XML datain memory and would
not have beenakble to support the sizeof our XML document
calections.

In addition to evaluation, there has been reseach com-
paring the different methals usedto implement databae
schenas. Kudrassanalyzesdifferent stormgeand retrieval
methalsfor schenalessXML documerts[15]. By compar
ing several structure-ariented apgroachego storing the en-
tire XML documert as one large chamacterobject,it wasde-
termined that the feadbility of using the structure-ariented
approachto mapdocumentsinto tablesis restrictedto data-
certric documentswith little prose. Yoshkawa and Ama-
gasashow advantagesof the node-orientedmethal for the
model-basedapproachof desigring afixeddatabassctema
[21]. Jiarg et. al, comparesthe scalaldlity of different
model-mapping approadesto avariart of theedge-aiented
approach[13]. Based on parentchild relationships, XPar-
ert wasfound to outperform XRel [21] andEdge[11].

The majarity of XML cdllections usedfor testingXML
seart systems weretypically small,ranging from 7MB to
280MB. In addition, it is sometimesnecessaryo gererate
XML documerts usingbenchmarks suchasXMark[2] ard
XBendh [1]. Thesizeof collectionsthat canbe geneated
with thesetools ranges from 100KB to 10GB. Because of
the needto evaluateexisting XML systems, the INitiative
for the Evaluation of XML retrieval (INEX) [7] aimsto
provide a large XML testcall ection with appropriate scor-
ing metlods. The INEX document colledion consigs of
12,107 documerts, totalling 494MB in size. Thetopicsas
well asthe documentsusedin INEX are open to INEX par-
ticipantsonly, hence we were not alde to usethemin this
study. In order to testthe scalalility of the SQLGeneator,
we neecedlarge XML documert colledions. Although ex-
periments on smallerXML collections canhelpto measure
performance andrelative scalalility against other XML re-
trieval systems, they do nat measure the overdl scalability
of the system. Our evaluatian differsfrom previousonesin
that we focus on the scdability aspet of performanceby
shaving the ability of our system to hardle large amaunts
of XML efficiently.

3. System Description

The SQLGererata is a scdable XML retrieval engne
that fully implemens the XML -QL query language by
translatingit to SQL. In addtion to its range of capalili ties,
XML -QL provides anintuitive mears of writing senistruc-
tured queries resenbling SQL that use XML data bind-
ings in a format very similar to the XML documents be-



ing searcled. Although we have chosento use XML -QL,
we believe thatour relatioral schemaard translationtech-
niques can be applied to similar quety languages such as
XQuery. The SQLGeneatorincomporatesXML docunents
of any schena without requiring modificationsto the fixed
underlying relatioral schenathey arestaredin. Becausehe
documents do nat necesaiily have definedDTDs or XML

sclkemaswe enploy the model-mayping, edge-aiented ap-
proachto stare the XML documentsin the databaseMore
detail on the storage and trarslation processusedby the
SQLGeneatoraregivenin [6].

4. Reaults

We ranexperimentson a Sun Fire V880 with 4 750MHz
UltraSpac-11l CPUs ard 8GB of mainmemay. We imple-
mentedSQLGerergor using Java 1.4 and stored the XML
document Collections using Mysgl 4.0.16. The Mysql
datalase is storedon a 10K RPM fibre chanrel drive.

We geneated our XML document calections using
XBench. XBerch has an option to create data-catric or
topic-centic documerts. A topic-certric document con-
tains significantly more text thanelememtags, while adata-
centricdocumert dedicats more patstotags.Theris aso
an option to createsingle or multiple documert calections.
We chose to use data-catric docunerts asthey contained
datarelevant to databasapplicationsratherthandocuments
marked up in XML. We also choseto implemert multi-
ple document colledions beausethey cortainedmultiple
XML schemas.XBench producesa number of XML doc-
umerts in the e-business domain Thereare customer, ad-
dress,couwntry, item, auttor, and multiple order XML doc-
umerts. We gengateda 2GB XML documert colledion.
Thenwe took random subsetsof the 2GB XML documert
collectionto obtain 500MB, 1GB, ard 1.5GB XML docu-
ment colledions. Using the edge-oriented approach most
of the data is stared in a singe talle calledthe pi nndx ta-
ble. The numberof rows for the 500MB, 1GB. 1.5GB.and
2GB databaesare 11.32, 22.64, 33.96, and45.28 million
respectrely. XBend providesa setof XQuery queriesto
run against the genagateddata. A sulsetof their queriesis
createdfor quelies against the datacertric multiple docu-
ment callection. We createda corregponding quely sulset
of XML-QL queriesto runagainstthe XML cdlections. We
testedour querieson asmall XML cdlectionto make sure
they returned the same resultsasa corespading XQuery
query retums. Thereallts were the same for all the queries
except Q10 which retumsthe sarre resuts, however, it does
not return the reallts in the sameorder. The reason for this
is becawse our Q10 usesskolem functions to group by cer
tain attributes. In the original query, however, “order by”
was usedto order ard group reallts. Ther were several
functionalities presentin XQuery that have no equivalert

in XML- QL. For examgde, XQuel contains the “exists’

keyword, whereasthereis no suchfunctionality for XML-

QL. Therefore, we did not include queriesthatcoud not be
translatedcomectly.

The queiies testthe functionality of our systemin dif-
ferert ways. The simgdestquely, Q1, retums a valuefrom
a document where a certainattribute has a specific value
(id="1"). Q1ltedstheability of our systento hande matc-
ing of valueson a shallow level. Q3 usesskolem functions
to group orderswith totd amount bigger than11000.0, by
customer id and then calculatesthe total number of each
group using aggregate predicdes This teststhe ahility of
our systemto hardle both skolem functions and aggregate
predcates.Q4 queriesfor aspecificitemwheretheid of the
previous one wasa speific value. This teststhe ahility of
the systemto hardleindex expressons. Q5 is similar to Q4,
however, it returns only thefirstitem, thusperforming also-
lute ordering not relative. Q6 tests the ability of the system
to detemine whetherary item in aninvoice hasa discaint
rate higher than0.02. If such anitem exists, the whole in-
voice is reconstructed nat just the particuar item. Q8 ard
Q9 testthe ability of the systemto query when the exact
pathof theitem is not known. This is accanplishedthrough
the useof regular expressons. Q10 uses skolem functions
to group resultsby the shipping type. Like Q3, thistedsthe
ahility of our systemto handle skolem functions, however,
it alsotests the ability of the system to recastrict large
amounts of XML asthe resultset is large for this query.
Q12 ard Q16 retrieve large sectiors of XML wherea spe-
cific criteria is met. Thesequeriested the alhility of the
systemto recorstruct large portions of XML documentshy
stolingthe XML in avarialde or usingCONTENT.AS. Q17
teststhe akility of the systemto perform a uni-gramseach
by only retrieving auhors whose biogragphies cortain the
word “hockey”.

We measuedthetotal timeto processaquely aswell as
the time to parsethe XML, genegatethe SQL, execue the
SQL, andrecastrict the XM L. We aso show the number
of reallts returned. The breakdwn of timesfor each query
ard eachdatacadllection are givenin Figure 2. We omitted
thetimeto parsethe XM L ard gereratethe SQL asthatwas
always lessthanone secoml. The total timesof execution
foreachquety on eachXML cdlectionarein Figure 1. Fig-
ure 3 shows the execution timesof eachquery asafunction
of the cdlection size.

5. Analysis

It is difficult to estimatethe theaetical baselire for the
scalalility of these query featuesin a RDBMS. However,
we expectlinearpeformanceis satisfadory. From our ex-
periments we can seethatfor mary of thetestqueries,ex-
ecttion time grows lineatly or sugerlineally with respect



Q1 Q3 Q4 Q5 Q6 Q8 Q9 Q10| Q12| Ql6| Q17

500MB | 4.46| 5421 | 27.73 4,36 | 1980.84 | 3.57 | 1042 19627 | 0.99 | 9.79] 2.35

1GB | 950 | 10841 | 5837 | 1354 | 39571 | 5.65| 1462 | 39261 | 1.12 | 1190 | 392

1.5GB | 1143 | 1934 | 8267 | 61494 | 592028 | 9.57 | 2217 | 58549 | 2.72 | 12.74 | 557

2GB | 16.69 | 21156 | 114.60 | 592.03 | 798245 | 36.01 | 26.02 | 236.24 | 3.18 | 1490 | 7.25

Figure 1. Execution times (in seconds)
| | Q1] Q3] 4] Q5] Q6] Q8] Q9] Q10] Q12| Q16| QI17]

XML Resu ize 1] 3508 1 1] 5283 4 2] 3517 1 1] 27%
@ sotexecn | 3.92 | 5261 | 27.20 | 21247 1837 | 1082 | 99819470 045] 9.26| 135
xML Reconstucion | 0.07 0.60 0.01 0.09| 194749 | 001 | 001 085 0.07| 0.10 1.35
XML Resut size 1 6917 1 1| 105760 2 3 6958 1 1| 5476
(b) sotexecuon | 8.93 | 106.22 | 57.84 | 1298 36.71 | 40.04 | 1454 | 39011 | 0.59 | 11.40 2.58
ML Reconstucion | 0.07 109 001| 0.08]388123| 0.01| 001 1531007 0.08] 070
XML Resul size 1] 10356 1 1] 158545 2 2 | 10448 1 1] 8348
(©) soeecwon | 10.87 | 1626 | 8215 | 61425| 5603 | 2263 | 21.74 | 58216 | 216 | 12.74 | 3.86
xuL Reconstucion | 0.08 147| 001| 0.19]582198| 0.01| 001 191]007| 0.00| 08
XML Resul size 1] 13800 1 1] 211834 4 4| 13971 1 1111139
(d sotexeon | 16.11 | 208.02 | 114.07 [ 59141 | 12811 | 7372 | 2559 | 23211 | 264 | 1439 | 530
xML Reconstucion | 0.08 192 0.01 0.09| 776238 | 001 | 001 279 0.07| 0.07 114

Figure 2. Breakdown of time for (a) 500MB (b)1GB (c) 1.5GB and (d)2GB collections (in seconds)
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Figure 3. Execution Time per Query

to the size of the XML cdlection. Several queries had
same aromdies that needto be examired For exanple,
the queriesQ3, Q8, ard Q10 all run linearon three of the
four datalasesizes.Q3runslinearlyon all of thedatatases
except the 1.5GB datalase.On this databasethe chargein
time drops. Similarly, Q10 runs lineaty on the first three
datalases. For the 2GB datatase, the change in time drops.

Another similar query is Q8, however on the 2GB databae
the chargein timeincreases. Q9is almostlinear Thereis a
slight increasdn lineaiity betweenthe 1GB and the 1.5GB
databasehowever, the other times grow linearly with re-
spet to the size of the XML cdllection. Q5 differs from
all the queries as it exhibits aromalous behavior on all the
databaseslt runs with increasing time from the 500MB to
1.5GB databasedhowever, the change in time is exponen-
tial. Thenfor the 2GB datdasethe time deceases.

Thetimerequired to rundifferentqueriesfluctuatesjuite
a bit. For examge, the time to run Q6 is much higherthan
the time to run Q17. By looking at the bregdown of time
overall the stepswe canseethetimesto parsethe XML ard
genentethe SQL arefairly staticthroughout all thequeries.
The cawse of thetime fluctuatians, therefore, lie in the SQL
geneationand XML recorstruction stefs.

The goal of using a relational datalase is to move
the procesdng functionality to the databae. Becausethe
databasedoes mast of the work, the SQL execttion step
canbecame very time consuming. For examge, an XML-
QL quely convertedto an SQL quely requiresa seach ard
sonetimesmultiple self joins of the pi nndx table. Since
the pi nndx tade corsists of 10-45 million rows, this can
often be along process However, optimizationtechriques
in the databae, suchasthe proper useof indexes,cansig-
nificantly speel up SQL exeaution time. Evenwith anop-



timized datatase this stepcanbe time consuning. For ex-
ample,the SQL executian time grows exponentially for Q6.
For all other queiies, however, the SQL execution time fol-
lows the pattern of the behavior exhibited over thetotal ex-
ecutiontime asdescribedalove.

The XML recmstrudion stepis occaionally time con-
suming becatse the quelies sonetimesbind compex vari-
ables which require the subtrees of XML to be recan-
structed Other queriesin which the XML recastriction
stepdoesnt take asmuchtime do nat require large sectiors
of XML to bereanstructed Another factorthateffectsthe
XML reoonstructiontime is the numbe of resultsreturned.
Notice that the time to recorstruct XML is sometimeslin-
earand sonetimescornstant. For example, Q1and Q10have
constart XML recanstruction timesover all the XML doc-
umert collections whereas Q3 and Q12 expeliencelinear
growth within the XML recorstruction step.Thereason for
the change in growth orderscanbe attributedto the size of
theresultsetretumed The XML recmstriction step grows
linearly for Q3, Q6, Q12 ard Q17. Notice thatthese four
gueriesall have aresultset thatalsogrows linearly with re-
spectto the documentsize. In addtion, these four queries
are the only four queriesin our collection that have non
constart reault setsizes. Therfore, when a large number
of resultsarereturned, the XML recastriction time grows
linearlywith respetto the sizeof the XML cadll ection.

6. Conclusions

In this paper we showv that our XML retrieval system,
SQLGeneator, is a reliable and scalable method for stor
ing and seaching a collection of XML documents. We
testedhescalalili ty of the SQLGereraor using collectiors
of XML documerts rangng in sizefrom 500MB to 2GB.
From our experimernts we deternined that, for maost of our
queries, thetime of our systemgrows linealy with respet
to the size of the XML documentcollection.
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