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Abstract

XML is representeds a treeandthe queryasa regular
path expression.Thequeryis evaluatedby traversing each
nodeof thetree Several indexesare proposedfor regular
pathexpressionsin somecaseshesendexesmaynotcover
all possiblepathsbecausef storage requirements.In this
paper we proposea signatue-basedquery optimization
techniqueto minimizethe numberof nodesretrieved from
the databasewvhenthe indexescannotbe used. Thesigna-
ture is a hint attachedto eat node andis usedto prune
unnecessangub-tieesas early as possiblewhentravers-
ing nodes. For this goal, we proposea sighatue-based
DOM(s-DOM) as a storage modeland a signatue-based
gueryexecutor(s-NR). Our experimentakesultsshowthat
the signatue methodoutperformsgheoriginal.

1. Intr oduction

XML is anemepingstandardor datarepresentatioand
exchangeon the World-Wide Weh A databasesystemis
requiredfor efficient manipulationof XML data,aslarge
guantitiesof informationarerepresente@nd processes
XML. However, becausehe datamodel of XML is dif-
ferentfrom thoseof corventionaldatabases new storage
methodanda queryprocessingnodelarerequired. Semi-
structureddata[l, 5], which hasbeenintensiely studiedin
recentyearsby the databaseesearchcommunity is very
similar to XML data. Therefore,the researchresultsin
the areaof semi-structuredlataare now broadly applica-
bleto XML[20]. Thereareseveralsemi-structuredr XML
databassystemse.g.,Lore[19 andeXcelon[1].

XML is representeds a tree of which eachnodeis
storedas an object in the semi-structureddatabaseand
gueriesare evaluatedby traversingthesenodes. For effi-
cient evaluationof the XML query, it is importantto de-
creaseghe numberof thetraversednodes.
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SELECT x. conpany. (address|tel ephone)
FROM per son. *. parent x;

The above is an exampleof an XML query, which is
similar to Lorel[2]. This queryretrievespersons parents’
addresse®r telephonenumbers. It containsthe regular
path expressions[26, 9], which are supportedby general
XML queriessuchas XML-QL[10] and XQL. Somesyn-
taxes,suchasthestar(*)in XML queriesgnlagethesearch
space. In this example,almostall nodesunderper son
mustbe visited becausef per son. *. Thereforeregular
pathindexeshave beenstudiedto solve this problem.

Thepathindex[4] is proposedor evaluatingpathexpres-
sionsin object-orientecdatabases.However, all possible
pathscannotecoveredby thisindex dueto thehighstorage
requirements.New indexing methodsfor semi-structured
dataare proposedn [16, 22] to evaluatethe regular path
expressionanorerapidly. The 2-index[22] is for *.x.P.y,
in which P meansa regular expression. However, in the
worstcasethenumberof nodesn the2-index is thesquare
of the numberof nodesin the datagraph. For this rea-
son,theT-index[22] is introducedto decreas¢hesizeof 2-
index by reducingthe coverageof regularexpressionsuch
asx.person.x.P.y.

As aresult,somedataareoutsidethe boundaryof these
indexes. The pathindex and T-index do not cover all pos-
sibleregularpathexpressiondor the storagerequirements.
It is alsoa problemthattheindex for a semi-structuredata
is anothersemi-structureddata[16 22]. When the index
is usedfor queryevaluation,the index nodesmustbe tra-
versed.However, the numberof visitedindex nodescannot
bereducedeventhoughthey areindex nodes.

An s-DOM and s-NFA are proposedwhich are based
on the signaturemethod[8 12], to reducethe searchspace
whentheindex is not usedfor theregular pathexpressions.
The signatureof s-DOM givesa hint asto whethersome
nodesexist in the sub-treeof a specificnode. The s-NFA
is usedfor evaluatingtheregularpathexpressionsisingthe
signaturenformation. This methodcanbe appliedto semi-
structuredindexes becausehey are also representeds a
graph.To evaluatetheregularpathexpressionsnary of the



nodesn theindexeshaveto bevisitedbecaus®f blindness

of asub-grapho anodein theindex. Thesignaturenethod
removesthe blindness andreduceshe numberof visiting
nodesof thedataandindex trees.

The size of eachnodeof s-DOM becomedarger than
thesizeof the original because signatures storedin each
node. However, asthe size of a signatureis several bytes,
the performances not much affected. Becausehe opera-
tion of signaturess abit-wise operationthereis little over-
headfor computatiorof the signature.

Theremaindeof this papelis organizedasfollows: Sec-
tion 2 presentselatedwork, while Section3 definesthe
datamodelandthe querylanguageusedin this paper Sec-

tion 4 presentghe s-DOM for nodesthat have signatures.

The queryoptimizationtechniqueusingsignaturess given
in Section5 andthe experimentalresultsare discussedn
Section6. Finally, conclusionsarepresentedn Section?.

2. Related Work

Semi-structureddata[l 5] is representechs a graph.
Thequerylanguage$or semi-structuredataareinfluenced
by those of object-orienteddatabasessuch as OQL[7],

XSQL[17]. Both OQL and XSQL usea path expression

which enhanceshe expressve power of the queries.How-
ever, thesequerylanguagesre not adequatdor the semi-
structureddatadueto alack of schemanformation. Even
if schemainformation is provided, the structurecan be
changedy its own data.

To solwe this problem,regular pathexpressionareused
for semi-structuredqueries[2 6, 9]. Indexes of semi-
structureddata[16 20, 22] are proposedto executeregu-
lar pathexpressionsnorerapidly. They combinethe index
structureand automataof the XML data. The target ob-

jectscanberetrievedby traversingtheappropriateautomata

graphfor theregularpathexpression.

Theoreticalfoundationsfor query processingor semi-
structureddataare studiedin [3, 21]. [3] usespath con-
straintsfor optimizationof regular path queries. [13] de-
finesa graphschemahathaspartialinformationaboutthe
graphstructure.lt reduceshe searchspaceby queryprun-
ing andqueryrewriting.

Eachnodeof atreeis storedasanobjectin eXcelon[1]
and PDOM[15. The original structureof XML docu-
mentscannotbe changedy storingeachnodeasanobject.
Object-orientedlatabasesr Lore[2] usethis method.

3. Data Model and Query

The DOM[24] is a standardinterface of XML data,
whosestructureis a tree, which is the datamodelusedin
this paper Eachnodein DOM referencests parent,child

<?xm version="1.0"7?>
<! DOCTYPE Addr Li st >
<Addr Li st >
<per son nane="Robert Johnson">
<conpany>
<addr ess>Hei del ber g</ addr ess>
<t el ephone>123-4567</t el ephone>
</ conpany>
<f at her >
<per son>
<name>W I | i am Johnson</ nane>
</ per son>
</ fat her>
</ per son>
<conpany>
<nanme>Sansung</ nane>
<addr ess>Suwon</ addr ess>
<t el ephone>549- 0987</t el ephone>
</ conpany>
</ Addr Li st >

Figure 1. Example of an XML Document

'

AddrList

@ company @ father @ name address @ telephone
“Robert Johnson" + +
:@ address @ telephone @ person @ @
"Samsung"  "Suwon" "549-0987"
name

"Heidelberg"  "123-4567"

"William Johnson"

Figure 2. DOM Graph

andsibling nodes andthe sibling nodesareanorderedist.
We assumeéhateachnodein DOM is storedasan object.
Wheneachnodeis storedasan objectin a databasemini-
mizing nodevisits is the main requiremento optimizethe
queries.

Figurel is anexampleof an XML documentof which
DOM structureasrepresentedsatreelikein Figure2. Each
nodeis storedasanobjectandits OID is representedy '&’
asdepictedin Figure?2. For example,the OID of the root
nodeis &1. Thereareelementnode attribute nodeandtext
nodein DOM. Theelemenhodehasa name.Thetext node
is a leaf nodeand hasa value, and the attribute nodehas
a nameanda value. For example,object&1 and &2 are
examplesof elementnodes,and object&4 is an attribute
node.Theleafnode,suchasobjects&16 and&17, is atext
node. Simple definitionsuseful for describingthe mecha-
nismdescribedn this paperare:



father | 00000011|| person 00100010
name | 10001000|| compary | 00001001
address| 01000001|| telephone| 00101000

(a) Hashvalueof string

&1 | 11101011 &2 | 11101011} &3 | 11101001
&4 | 00000000|| &5 | 01101001| &6 | 10101010
&7 | 00000000(| &8 | 00000000|| &9 | 00000000
&10 | 00000000(| &11 | 00000000l &12 | 10001000

(b) Signatureof anodein s-DOM

Table 1. Hash values of the Name of each El-
ement and the Signatures of each Node

Definition 3.1 (label path) Alabelpathofa DOMis a se-
guenceof oneor mote dot-sepaatedlabels,l; .I5...1,, sud
that we can traverse a path of n nodes(ny...n,), whee
noden; haslabell;, andthetypeof nodeis elementbr at-
tribute

Definition 3.2 (regular path expression) A regular path
expressionis a pathexpressionthat hasregular expressions
in thelabel path.

Queriesin this paperareregular pathexpressionsThey
allow wildcard operatorssuchas*, + and?. The scanop-
eratoris providedfor searchinghodesmatchedo thegiven
regular pathexpressiorwhenprocessinghe query If each
nodeis storedasanobjectin unclusteredashionit is highly
likely thata pageis readfrom disk to fetcha node. There-
fore, the numberof fetchingnodesmustbe diminishedto
reducethe costof evaluatingthe queries. The objective of
this paperis to reducethe searchspaceof the DOM tree
by pruningthe datagraphto minimize disk operationwhen
evaluatingregularpathexpressions.

XML queriescanbeexecutedby traversingeachnodeof
thetree. Thereforeto optimize XML queriesminimizing
the numberof visited nodesis the key issue. In this pa-
perthetermsnodeandobjectareinterchangeabléecause
anodeis storedasanobjectin adatabase.

4. Storing XML DocumentsBasedon the Sig-
nature Method

In this papemwe assumehateachnodeof DOM is stored
asanobject,which is shavn in [11, 14, 19, 23]. We addi-
tionally add a signatureto eachnodein DOM, andcall it
s-DOM. The label path containsthe namesof the element
or attributenodesin the DOM tree. Thereforeonly element
and attribute nodesare involved in making the signature.

Let the hashvalueof the nameof a node: be H;, andthe
signaturebe S;. The S; is the ORingof all thehashvalues
of its child nodes. Thatis, the hashvalueis propagatedo
its parentnode.

Thenwe canestimatethe existenceof a certainnamel
in the sub-treeof the nodei by comparisorof H; A S;. If
H; A S; = H,; thentheremay be the namel in the sub-
tree. Otherwisejf H; A S; # S;, thenwe canassureof no
existenceof the namel in the sub-tree.Table1 (a) shavs
hashvaluesof the elementand attribute namesin Figure
2. Algorithm 1 explainshow to calculatethe signatureof a
node,andtheresultsareshavn in Tablel (b).

Algorithm 1 MakeSignature(node)
1. s+ 0
2: if nodeis anElementor Attribute nodethen
3. for eachChildNodeof nodedo
4 s+ sV MakeSignature(ChildNode)
5: s+ sV Hash(ChildNode.Name)
6
7
8

end for
- endif
: node.signature- s

Example 4.1 (Node Traversing) Whenwe wish to know
whetherthere is a nodewhosenameis f at her in thesub-
treeof &2 in Figure 2, we performa bit-wise AND opera-
tion betweerthehashvalueof f at her , H«tq4per» andthe
signatue of &2, Ss. SinCeH «fqtper A S2 = Hepather, it
is possiblethata nodewhosenameis f at her existsin the
sub-teeof &2. Onthe contrary, since H«fqiper» A Sz #
Heotnern, We can malke sure there doesnot exist sud a
nodein the sub-tee of &3. Therfore, we prune the sub-
treeof &3 whenfindinga nodenamed at her .

5. s-NFA(Signature-basedNFA)

We proposeascanoperatorcalleds-NFA whichattaches
the signatureinformationto NFA andis usedto prunes-
DOM asearlyaspossiblewhile traversings-DOM to eval-
uatearegularpathexpression We will explain how aregu-
lar pathexpressioncanbetransformedo aNFA in Section
5.1.In Section5.2we explain how to make s-NFA, andwe
describethe pruning mechanisnin Section5.3. To avoid
confusionof the nodein DOM andNFA, we call the node
of DOM asanobject,andthe nodeof NFA asa statenode.

5.1 Query Evaluation using NFA

A regularexpressiorcanberepresentedy anautomata.
Automatacanbe deterministicor non-deterministic[1B A
regular pathexpressionis a regular expressionaswell. In
this paperwe translatea regularpathexpressiorto anNFA.
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Figure 3. NFA

Any complex NFA can be constructedoy compositionof

L(r1)L(r2), L(r1 + r2) andL(r*) depictedasFigure3[1§].

L(r?) andL(r+) canbe derived by removing certainedge
in L(r*).

Definition 5.1 (stateset) The state set is a set of state
nodesof NFA, elementsare the resultof transitionin NFA
by a certainlabel path.

Every regular path expressioncanbe representeésan
NFA, andis evaluatedby moving the statenodesin NFA
while traversingobjectsin theDOM tree. Whenwetraverse
the DOM tree from a given objectto its sub-tree,a label
pathis made.We cancreatea statesetby the label path. If
the statesetis empty thenqueryevaluationwill be stopped
becausestatetransitionin NFA cannothave occurred.If a
final statenodein the NFA is an elementof the statesetof
the object,by whichthelabelpathis made,|t is accepteds
anelementof thequeryresultset.

Example5.1 The NFA of regular path expression Ad-

drList.((person.*)|conpany).nanme is shown
in Figure 4. In this case anylabelcanbeacceptedy*, so
* is the sameas ( anylabel) *. We canobtaina resultset
R={&4, &18, &7} ofthisquery whichis processedn
Figure 2 usingFigure 4.

5.2 s-NFA

Statetransitionin the NFA is determinedy the label of
the edge.Whenarriving at the final stateby transition,the
objectin DOM is acceptedhsan elementof the resultset.
However, we cannotdeterminewhich labelsappearalong
the pathfrom the currentstatenodeto thefinal statenode.
Sowe have to changestatenodesat eachstep. We have to
arrive at the final statenodein NFA to acceptthe objects

asaresult. Therefore all labelswhich comeout from the
currentstatenodeto the final statenodemustappeamwhen
evaluatingthe queries.

If thelabelsappearingo the final statenodein NFA do
not exist in the sub-tree the objectsin the sub-treecannot
betheresultof the query andsubsequentlywe do notneed
to traversethat sub-tree Thefollowing definitionsareused
in makingthe signaturen the NFA.

Definition 5.2 (NFA Path) TheNFA path P, is apathfrom
a statenoden to thefinal statein an NFA.

Definition 5.3 (Path Signature) The path signatue PS,,
of a statenoden in NFA is definedas

PS,, = {x| xis avaluewhich is ORinghashvaluesof all
thelabelsalonga NFA pathof statenoden in NFA}

The pathsignatures a bit valuewhich is memgedby all
hashvaluesof the labelsof anNFA path. Thereareseveral
NFA pathsin a statenoden becauseherearesereralpaths
from n to thefinal statenode. Therefore the pathsignature
PS, ofanoden is aset.

The s-NFA proposedn this paperis an NFA of which
state nodes have signaturesto speedthe evaluation of
gueries.Thesignature®f thes-NFA aregeneratedyy OR-
ing the hashvaluesof all labelsthat have to be metwhen
moving from the currentstateto the final statein the NFA.
We canexaminethe existenceof thelabelsthatappeafrom
acertainstatenoden to thefinal statein the sub-treeof ob-
jecti in s-DOM. Let the pathsignatureof the statenoden
be PS,, andthe signatureof the object: be S;. Let oneel-
ementof PS,, beS,. If S, A S; = S,, thenwe mayguess
thatwe canarrive the final statenodewhentraversingthe
sub-treeof objecti. If not,we cannotarrive atthefinal state
nodewhentraversingall objectsin the sub-treeof object;.
Thereforewe canprunethe s-DOM graphby checkingthe
signature.

Figure 3 describeshow to build varioustypesof NFA.
Therefore,if we canmake path signaturesof that NFA in
Figure 3 thenpathsignaturef any complicatedNFA can
bebuilt. Therulesfor makingpathsignaturesredescribed
below.

Rule 5.1(L(a)) An NFA which hasan atomicvalueasin
Figure 3 (a) hasa start states and a final state f. If the
hashvalueoflabela is H,, thepathsignatue of P.S;, PS¢
of s and f statenodesyespectivelyare

PS, = {H,}
Ps; = {0}
Rule 5.2(L(r; +72)) The path signatues PSs; and PS¢

are shownin Figure 3 (c), in which two NFAs are concate-
natedby V.

PS, = PS,UPS,



AddrList

Figure 4. The NFA of Addr Li st. ((person. *) [conpany) . nane

1] {111010101100100% || 8 | {1000100Q
2 | {101010101000100% || 9 | {1000100Q
3 | {101010101000100% | 10 | {1000100%
4 {1010101Q 11 | {10001000
5 {10001000Q 12 | {10001000
6 {1000100Q 13 | {10001000
7 {1000100Q 14 | {0000000G

Table 2. Path Signatures

pS; = {0}

Rule 5.3(L(r*)) ThevalueofthepathsignatuesPS; and
PS¢ of Figure 3 (d), of which operator is *, are 0.

PS, = {0}
pPS; = {0}

Rule 5.4(L(r+)) L(r+) canbe madeby remosing an edge
A froms to f in Figure 3 (d). Hence therulesfor making
pathsignatuesare the sameexceptfor PS;.

PS, = PS,
pPSy = {0}

Thepathsignatureof L(r?) is sameasthe Rule5.3.

Rule 5.5(L(r1)L(r2)) L(r1)L(r2) is the concatenationof
two NFAs. While we traveise from the start statenodeto
thefinal statenode the statenodep in M(r2) shouldbevis-
ited. Soa pathsignatue PS; of a statenode;i in M (r1) has
to bechangedby ORiIngPS,; thatis, PS; = PS; xy PS,.
It is the Cartesianproductwith the path signatue of each
statenodein M (ry) and PS,. We call it signatue prop-
agation. The path signatuesof M (ry) are not changed.
Theefore, the path signatue P.S; of eac nodei in M(rq)
is

PS; = { (xVy)]| PS; isthepathsignatue of a state
nodein M(ry), xis anelemenbf P.S;,
yis anelemenbf PS, }

Example 5.2 (Path Signaturesin NFA) After applying
therules,we can obtainthe path signatue of eac nodein

s-NFA, andthe resultsare shownin Table 2. For example

PSyp is { 10001001} which is the ORingvalue between
hash values of conpany and nane becausethe edge

conpany andnane hasto bevisitedin orderto arrive at

thefinal statefromstatenode10.

Algorithm 2 next()

1: /* S isthestatesetof s-NFA */

2: node + getnext nodeby DFSfrom s-DOM

3: while node isnotNULL do

4:  ForwardLabelS, node)
ForwardLambda§, node) /* usingSignature*/
if thereis afinal statein S then

returnnode

end if
if S isemptythen
10: node « getnext nodeby DFSfrom s-DOM
11:  endif
12: end while

© e NoO

Algorithm 3 ForwardLambda§, node)
1: for eachstatenoden which cango forwardby X in S
do
2:  for eachsignatures of thepathsignatureof n do
3 if s A node.signature= s then
4 m <+ thestatenodemovedfrom n by A
5: addmto S
6
7
8
9:

break
endif
endfor
endfor

5.3 Query Evaluation using s-NFA

This sectiondescribesquery processingusing s-NFA.
The pathsignatureof s-NFA describesvhatlabelshave to
bevisitedin orderto arrive at thefinal statefrom a specific
statenodein s-NFA. Corversely the signatureof s-DOM
shavs which labelsexist in the sub-treeof a specificob-
jectin s-DOM. Beforetraversingthe sub-treeof objecto;
in s-DOM we changethe statesetS'S of s-NFA by labell



pagesize 4K bytes
numberof buffer 20
objectcachesize 500

Table 3. Parameter s used in Simulation

of objecto;. Whenwe traversethe s-NFA from one of the
statenodesn in S.S we comparethe signatureS; of object
o; andoneof the pathsignaturesPS,, of thestatesetSS. If
S; N PS,, = PS,, thenwe cango forwardfrom statenode
n.

Algorithm 2 is a scanoperatotthatreturnsa nodewhich
is acceptedby the regular path expression. The function
next calls Algorithm 3. In this function, the signatures
of s-DOM and path signatureof s-NFA are comparedto
determinavhetheror notthestateof s-NFA cangoforward.
The meaningof i f in Algorithm 3 is whetherthe labels
which exist alongthe currentstatenodeto final statein s-
NFA exist in the sub-treeof a nodein s-DOM. If not, the
sub-treadoesnot needto be visitedthe remainingsub-tree.

Example 5.3 (Query Evaluation) Whenwe translatethe
qgueryof Example5.1to s-NFA, the s-NFA canbe depicted
as similar to the Figure 4, of which each nodehasa path
signatue asdescribedn Example5.2. Whenobjecté&:1 is
read,statesetS = {2}. If weapplyAlgorithm3 to progress
to states the labelsof which are A, thenS = {3} because
the bit opertion AND betweenS; and 10001001which is
onesignatue of the pathsignatue P.S, is 10001001 If we
apply this opefation to object&2 then S will be {7, 13}.
In this situation,AND opemation betweeronesignatue p of
PS; and S5 cannotbep itself. In spiteof thequeryper -
son. *, thesubtreeof &5 doesnot needto bevisited. We
canobtainresultsby iterating this opefation.

6. Experimental Results

The simulation programin this paperis codedin Java
andevaluategjueriesn mainmemory We storeeachnode
of s-DOM asanobjectandfetchby scanoperatoyof which
the parameters aregular pathexpression.The scanopera-
tor requestsan objectfrom the objectcache whichiis built
onabuffer managerTheobjectcacherequesta pagefrom
the buffer manager The size of eachobjectin the pageis
not the samefor eitherits length of elementname. The
objectcacheandbuffer manageusethe LRU replacement
algorithm. We usetwo clusteringmethodsdepth-firstand
breadth-first. The methodsarefully clusteringalgorithms,
but realobjectsmay be scatteredn the databaseWe count
the numberof fetchedobjectsin the objectcacheandthe
numberof pagel/O in the buffer manager Table 3 shavs
all parametersisedin this paper

#of Nodes| File Size
ShalespeareD ) 537,621| 7.5Mbytes
Bibliography(D g) 19,854 | 247Kbytes
TheBook of Mormon(D ) 142,751| 6.7 Mbytes

Table 4. Characteristics of the XML Files

Q1| Ds | PLAY.*[2].PERSOM

Q2| Ds | *TITLE

Q3| Dp | bibliographypaper[1].pages
Q4 | D | *.author

Q5 | Dy | tstmt.*[1].(title|ptitle)

Q6 | Dy | *.chapter

Table 5. Queries Used in Simulation

This papercomparesclusteringmechanismdo deter
mine which is betterin traversingthe nodesusing signa-
tures.Comparinghenumberof nodesvisitedandthe num-
ber of pagel/O is the extremecasefrom the view point of
clustering.The numberof nodesvisitedis the performance
criterion of a fully unclusteredccase,while the numberof
pagel/O is thatof afully clusteredcase.Wheneachnode
is storedasanobjectin a databasefetchingeachobjectre-
quiresa disk operationin the unclustereccase. However,
whenthe objectsare clustered fetching eachobjectis not
adisk operation.Traversingthe tree,several objectsneara
specificobjectmay be storedon the samepage. The clus-
teringmethodsareBFS andDFSasusedin this paperand
the objectsare completelyclustered.However, after mary
deletionandinsertionoperationspbjectsmay be scattered
andthe clusteringstatusis betweenclusteredand unclus-
tered. In this paper we shav which clusteringmethodis
betterwhen signatureis used. The datausedin this pa-
per are Shalespeare The Book of Mormon, andthe part
of MichaelLay’s bibliography which areall translatednto
XML. Thestatisticsof thedataareshavn in Table4.

Six querieswere usedin the experimentand are de-
scribedin Table5. In thesequeries*[2] meangwo paths
whoselabelis an arbitrarystring. The first queryfor each
XML dataretrievesthe datathat are locatedin a specific
path. The next queryretrievesthe datalocatedat any depth
of thetreefor eachdatafile. Figure5 shaws the resultsof
performancdests. Figures5 (a) and(b) measurdhe num-
berof nodedetched,and(c) and(d) measureéhe numberof
pagel/O. QueriesQ1, Q2 andQ6 fetch mary moreobjects
thando queriesQ3, Q4 andQ5. Thereforeseparatgraphs
areusedto distinguishtheresults.In thesdfigures,zerosize
of signaturemeanghatthe signaturemethodis not used.

For the numberof retrieval of nodesin Figures5 (a) and
(b) the signature-baseduery evaluationhasbetterperfor



600000

Q1 ©—
] Q2 -
R Q6 £
500000 -,
g 400000 - '
2 )
z
)
£
‘G 300000
]
w
5
=]
Z 200000
. \
)
= = = = = = == i
0
0 2 4 6 8 10

Signature Size

(a) Numberof FetchingNodes(Q1,Q2,Q6)

16000
A\“ e A
14000 | T Aene TSN S S S
Q1(BFS) ©—
12000 £ Y 02(BFS) 1
b QB(BFS) £
QIOFS) X
L \ Q2(DFS) 4-
0 10000 \ JEDES %o
)
& 8000 [ \
5
g
= 6000 |
4000 [ .
L I
2000 T T O e O e L e
X
o % = = =
0 2 4 6 8 10

Signature Size

(c) Numberof Pagel/O (Q1,Q2,Q6)

20000

18000 g5
16000 |
14000

12000

10000

8000

No. of Fetching Node

6000
4000 -

2000

sl 0 I} Il
bl i) i3] i 1]
6 8

0 Bt} =]
2

~E

10

Signature Size

(b) Numberof FetchingNodes(Q3,Q4,Q5)

Q5(DFS) %i

300 |

No. of Page I/O

200K,
100 - e R S R
e e e e e 1
o > 4 6 8 10

Signature Size

(d) Numberof Pagel/O (Q3,04,Q5)

Figure 5. Performance Evaluation

mancen all casesThisis obtainedby decreasinghesearch
spaceof treesby comparisorof signaturebetweers-DOM
ands-NFA. If eachnodeis storedasanobjectin anobject-
orienteddatabasewe candecreasehe numberof objects
fetchedby the signaturemethod. The larger the signature
size, the betterthe performance.However, whenthe sig-
naturesize reachedour bytes, performanceémprovement
ceases.This varieswith the numberof elementnamesin
the XML documents.If the numberof elementhamesin-
creasesye haveto extendthesizeof thesignaturdor better
performance.

Figures5 (c) and (d) arethe numberof disk I/O when
XML datais storedasclusteringby DFSandBFS.It shavs
thatdisk I/O is reducedvery significantlyin this case. In
thegenerakasewe canobtainbetterperformancédy BFS.
Whenthe queryevaluatesthe queryexecutortraverseshe
treedepth-first. However, ass-NFA prunesthe sub-treeby
thesignaturemethod thepossibilityis increaseaf goingto
asibling node. In the caseof DFS, two sibling nodesmay

be storedin differentpages.Thereforepruningmay cause
a pagefault anda new pageis fetchedfrom the database.
On the otherhand,two sibling nodesmay be storedin the
samepagein BFS.Fetchingthesiblingnodedoesnotcause
apagefaultin the caseof BFS.Thisis thereasorthatBFS
outperformsDFS. In Figure5 (d), Q3(DFS)and Q4(DFS)
shaw thatthe signaturemethodcausesnoredisk I/O. The
reasons the overheadf the signaturevhenthe objectsare
storedon disk. Thenodesizeof thebibliographyis smaller
thanthe otherdocumentavhenit is storedin the database.
In spite of the small size of the signature theremay be a
large overhead However, aftermary deleteandupdateop-
erationsthe nodescannotbe fully clusteredandthe shape
of thegraphwill bechangedasin Figure5 (b).

7.Conclusion

XML is representedsatree. Wheneachnodeis stored
asan objectin a databasewe have to reducethe number



of nodesfetchedfrom the databasevhenthe queriesare
evaluated.In this paperwe explainedthe signaturemethod
for storingXML documentandevaluatingregularpathex-
pressionsWe canreducethe searchspaceof thegraphand
disk accesdy s-DOM ands-NFA. This techniqueis very
usefulwhenan index cannotbe usedin query processing.
Theindex of semi-structurediatais anotheritem of semi-
structureddata. Therefore|f this techniquecanbe usedin
asemi-structurethdex thesearchspaceof theindex canbe
reduced.

Clusteringis a very importantfactor for getting better
performancelf we clusterthe nodesby BFSwe canattain
bettemperformancehanby DFS.Thatis, clusteringoetween
sibling nodesoutperformsclusteringbetweenparent-child
nodeswhen we use graphtraversingbasedon signature.
Thereasoris thatwhenthegraphis prunedin themiddle of
the graphanda sibling nodeis traversedthe nodemay be
in thesamepagewhenwe useBFS.
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