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Abstract

XML is representedasa treeandthequeryasa regular
pathexpression.Thequeryis evaluatedby traversingeach
nodeof the tree. Several indexesare proposedfor regular
pathexpressions.In somecasestheseindexesmaynotcover
all possiblepathsbecauseof storage requirements.In this
paper, we proposea signature-basedquery optimization
techniqueto minimizethe numberof nodesretrievedfrom
thedatabasewhenthe indexescannotbeused.Thesigna-
ture is a hint attachedto each node, and is usedto prune
unnecessarysub-treesas early as possiblewhen travers-
ing nodes. For this goal, we proposea signature-based
DOM(s-DOM)as a storage modeland a signature-based
queryexecutor(s-NFA). Our experimentalresultsshowthat
thesignaturemethodoutperformstheoriginal.

1. Intr oduction

XML is anemergingstandardfor datarepresentationand
exchangeon the World-Wide Web. A databasesystemis
requiredfor efficient manipulationof XML data,as large
quantitiesof informationarerepresentedandprocessedas
XML. However, becausethe datamodel of XML is dif-
ferentfrom thoseof conventionaldatabases,a new storage
methodanda queryprocessingmodelarerequired.Semi-
structureddata[1, 5], which hasbeenintensively studiedin
recentyearsby the databaseresearchcommunity, is very
similar to XML data. Therefore,the researchresults in
the areaof semi-structureddataare now broadly applica-
ble to XML[20]. Thereareseveralsemi-structuredor XML
databasesystems,e.g.,Lore[19] andeXcelon[11].

XML is representedas a tree of which eachnode is
storedas an object in the semi-structureddatabase,and
queriesareevaluatedby traversingthesenodes. For effi-
cient evaluationof the XML query, it is importantto de-
creasethenumberof thetraversednodes.
�
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SELECT x.company.(address|telephone)
FROM person.*.parent x;

The above is an exampleof an XML query, which is
similar to Lorel[2]. This queryretrievesperson’s parents’
addressesor telephonenumbers. It containsthe regular
pathexpressions[2, 6, 9], which aresupportedby general
XML queriessuchasXML-QL[10] andXQL. Somesyn-
taxes,suchasthestar(*) in XML queries,enlargethesearch
space. In this example,almostall nodesunderperson
mustbevisitedbecauseof person.*. Therefore,regular
pathindexeshavebeenstudiedto solve this problem.

Thepathindex[4] is proposedfor evaluatingpathexpres-
sionsin object-orienteddatabases.However, all possible
pathscannotbecoveredby thisindex dueto thehighstorage
requirements.New indexing methodsfor semi-structured
dataare proposedin [16, 22] to evaluatethe regular path
expressionsmorerapidly. The 2-index[22] is for ��� ��� ��� � ,
in which � meansa regular expression. However, in the
worstcase,thenumberof nodesin the2-index is thesquare
of the numberof nodesin the datagraph. For this rea-
son,theT-index[22] is introducedto decreasethesizeof 2-
index by reducingthecoverageof regularexpressionssuch
as ��� 	�

���
����� ��� ��� � .

As a result,somedataareoutsidetheboundaryof these
indexes. The pathindex andT-index do not cover all pos-
sibleregularpathexpressionsfor thestoragerequirements.
It is alsoaproblemthattheindex for asemi-structureddata
is anothersemi-structureddata[16, 22]. When the index
is usedfor queryevaluation,the index nodesmustbe tra-
versed.However, thenumberof visitedindex nodescannot
bereducedeventhoughthey areindex nodes.

An s-DOM and s-NFA are proposedwhich are based
on thesignaturemethod[8, 12], to reducethesearchspace
whentheindex is not usedfor theregularpathexpressions.
The signatureof s-DOM givesa hint as to whethersome
nodesexist in the sub-treeof a specificnode. The s-NFA
is usedfor evaluatingtheregularpathexpressionsusingthe
signatureinformation.Thismethodcanbeappliedto semi-
structuredindexesbecausethey are also representedas a
graph.To evaluatetheregularpathexpressionsmany of the



nodesin theindexeshaveto bevisitedbecauseof blindness
of asub-graphto anodein theindex. Thesignaturemethod
removesthe blindness,andreducesthe numberof visiting
nodesof thedataandindex trees.

The size of eachnodeof s-DOM becomeslarger than
thesizeof theoriginalbecausea signatureis storedin each
node. However, asthe sizeof a signatureis severalbytes,
the performanceis not muchaffected. Becausethe opera-
tion of signaturesis abit-wiseoperation,thereis little over-
headfor computationof thesignature.

Theremainderof thispaperis organizedasfollows: Sec-
tion 2 presentsrelatedwork, while Section3 definesthe
datamodelandthequerylanguageusedin this paper. Sec-
tion 4 presentsthe s-DOM for nodesthat have signatures.
Thequeryoptimizationtechniqueusingsignaturesis given
in Section5 and the experimentalresultsarediscussedin
Section6. Finally, conclusionsarepresentedin Section7.

2. RelatedWork

Semi-structureddata[1, 5] is representedas a graph.
Thequerylanguagesfor semi-structureddataareinfluenced
by those of object-orienteddatabasessuch as OQL[7],
XSQL[17]. Both OQL and XSQL usea path expression
which enhancestheexpressive power of thequeries.How-
ever, thesequerylanguagesarenot adequatefor the semi-
structureddatadueto a lack of schemainformation. Even
if schemainformation is provided, the structurecan be
changedby its own data.

To solve this problem,regularpathexpressionsareused
for semi-structuredqueries[2, 6, 9]. Indexes of semi-
structureddata[16, 20, 22] are proposedto executeregu-
lar pathexpressionsmorerapidly. They combinetheindex
structureand automataof the XML data. The target ob-
jectscanberetrievedby traversingtheappropriateautomata
graphfor theregularpathexpression.

Theoreticalfoundationsfor queryprocessingfor semi-
structureddataare studiedin [3, 21]. [3] usespath con-
straintsfor optimizationof regular pathqueries. [13] de-
finesa graphschemathathaspartial informationaboutthe
graphstructure.It reducesthesearchspaceby queryprun-
ing andqueryrewriting.

Eachnodeof a treeis storedasanobjectin eXcelon[11]
and PDOM[15]. The original structureof XML docu-
mentscannotbechangedby storingeachnodeasanobject.
Object-orienteddatabasesor 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 referencesits parent,child

<?xml version="1.0"?>
<!DOCTYPE AddrList>
<AddrList>
<person name="Robert Johnson">

<company>
<address>Heidelberg</address>
<telephone>123-4567</telephone>

</company>
<father>

<person>
<name>William Johnson</name>

</person>
</father>

</person>
<company>

<name>Samsung</name>
<address>Suwon</address>
<telephone>549-0987</telephone>

</company>
</AddrList>

Figure 1. Example of an XML Document
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Figure 2. DOM Graph

andsibling nodes,andthesibling nodesareanorderedlist.
We assumethateachnodein DOM is storedasan object.
Wheneachnodeis storedasanobjectin a database,mini-
mizing nodevisits is themainrequirementto optimizethe
queries.

Figure1 is anexampleof anXML document,of which
DOM structureis representedasatreelikein Figure2. Each
nodeis storedasanobjectandits OID is representedby ’&’
asdepictedin Figure2. For example,the OID of the root
nodeis &1. Thereareelementnode,attributenodeandtext
nodein DOM. Theelementnodehasaname.Thetext node
is a leaf nodeandhasa value,and the attribute nodehas
a nameanda value. For example,object&1 and&2 are
examplesof elementnodes,andobject&4 is an attribute
node.Theleafnode,suchasobjects&16 and&17, is a text
node. Simpledefinitionsuseful for describingthe mecha-
nismdescribedin this paperare:



father 00000011 person 00100010
name 10001000 company 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 00000000 &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) A label pathof a DOM is a se-
quenceof oneor more dot-separatedlabels, ��� � ��� ����� ��� , such
that we can traverse a path of � nodes( � � ����� � � ), where
node ��� haslabel � � , andthetypeof nodeis elementor at-
tribute.

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

Queriesin this paperareregularpathexpressions.They
allow wildcardoperatorssuchas*, + and?. Thescanop-
eratoris providedfor searchingnodesmatchedto thegiven
regularpathexpressionwhenprocessingthequery. If each
nodeis storedasanobjectin unclusteredfashionit is highly
likely thata pageis readfrom disk to fetcha node.There-
fore, the numberof fetchingnodesmustbe diminishedto
reducethe costof evaluatingthequeries.Theobjective of
this paperis to reducethe searchspaceof the DOM tree
by pruningthedatagraphto minimizediskoperationwhen
evaluatingregularpathexpressions.

XML queriescanbeexecutedby traversingeachnodeof
the tree. Therefore,to optimizeXML queries,minimizing
the numberof visited nodesis the key issue. In this pa-
per the termsnodeandobjectareinterchangeablebecause
anodeis storedasanobjectin a database.

4. Storing XML DocumentsBasedon the Sig-
nature Method

In thispaperweassumethateachnodeof DOM is stored
asan object,which is shown in [11, 14, 19, 23]. We addi-
tionally adda signatureto eachnodein DOM, andcall it
s-DOM. The label pathcontainsthe namesof the element
or attributenodesin theDOM tree.Thereforeonly element
and attribute nodesare involved in making the signature.

Let the hashvalueof the nameof a node � be  � , andthe
signaturebe ! � . The ! � is theORingof all thehashvalues
of its child nodes.That is, thehashvalueis propagatedto
its parentnode.

Thenwe canestimatethe existenceof a certainname �
in the sub-treeof the node � by comparisonof  #"%$&! � . If
 #"�$'! �)(  #" then theremay be the name � in the sub-
tree.Otherwise,if  " $*! �,+- ! � , thenwe canassureof no
existenceof the name � in the sub-tree.Table1 (a) shows
hashvaluesof the elementand attribute namesin Figure
2. Algorithm 1 explainshow to calculatethesignatureof a
node,andtheresultsareshown in Table1 (b).

Algorithm 1 MakeSignature(node)
1: s . 0
2: if nodeis anElementor Attributenodethen
3: for eachChildNodeof nodedo
4: s . s / MakeSignature(ChildNode)
5: s . s / Hash(ChildNode.Name)
6: end for
7: end if
8: node.signature. s

Example4.1(NodeTraversing) Whenwe wish to know
whetherthere is a nodewhosenameis father in thesub-
treeof 021 in Figure 2, we performa bit-wiseAND opera-
tion betweenthehashvalueof father,  *354�687�9�:<;>= andthe
signatureof 021 , !?� . Since *3@4
6A7�9
:B;C=�$D!�� (  *3@4�687�9�:<;C= , it
is possiblethata nodewhosenameis father existsin the
sub-treeof 021 . On the contrary, since  E3@4�687�9�:<;>=,$F!?G +-
 *354�687�9�:<;>= , we can make sure there doesnot exist such a
nodein the sub-treeof 0IH . Therefore, we prune the sub-
treeof 0IH whenfindinga nodenamedfather.

5. s-NFA(Signature-basedNFA)

Weproposeascanoperatorcalleds-NFA whichattaches
the signatureinformation to NFA and is usedto prunes-
DOM asearlyaspossiblewhile traversings-DOM to eval-
uatea regularpathexpression.We will explainhow a regu-
lar pathexpressioncanbetransformedto a NFA in Section
5.1. In Section5.2we explainhow to make s-NFA, andwe
describethe pruningmechanismin Section5.3. To avoid
confusionof thenodein DOM andNFA, we call thenode
of DOM asanobject,andthenodeof NFA asa statenode.

5.1. Query Evaluation usingNFA

A regularexpressioncanberepresentedby anautomata.
Automatacanbedeterministicor non-deterministic[18]. A
regularpathexpressionis a regularexpressionaswell. In
thispaperwe translatea regularpathexpressionto anNFA.
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Figure 3. NFA

Any complex NFA can be constructedby compositionof
L( � � )L( � � ), L( � �QP � � ) andL( � *) depictedasFigure3[18].
L( � ?) andL( � +) canbe derivedby removing certainedge
in L( � *).
Definition 5.1(stateset) The state set is a set of state
nodesof NFA, elementsare the resultof transitionin NFA
bya certainlabel path.

Every regular pathexpressioncanbe representedasan
NFA, and is evaluatedby moving the statenodesin NFA
while traversingobjectsin theDOM tree.Whenwetraverse
the DOM tree from a given object to its sub-tree,a label
pathis made.We cancreatea statesetby thelabelpath. If
thestatesetis empty, thenqueryevaluationwill bestopped
becausestatetransitionin NFA cannothave occurred.If a
final statenodein theNFA is anelementof thestatesetof
theobject,by which thelabelpathis made,it is acceptedas
anelementof thequeryresultset.

Example5.1 The NFA of regular path expressionAd-
drList.((person.*)|company).name is shown
in Figure4. In thiscase, anylabelcanbeacceptedby*, so
* is the sameas(any label)*. We canobtaina resultsetR

= S &4, &18, &7 T of thisquery, which is processedin
Figure2 usingFigure4.

5.2. s-NFA

Statetransitionin theNFA is determinedby thelabelof
theedge.Whenarriving at thefinal stateby transition,the
objectin DOM is acceptedasan elementof the resultset.
However, we cannotdeterminewhich labelsappearalong
thepathfrom thecurrentstatenodeto thefinal statenode.
Sowe have to changestatenodesat eachstep.We have to
arrive at the final statenodein NFA to acceptthe objects

asa result. Therefore,all labelswhich comeout from the
currentstatenodeto thefinal statenodemustappearwhen
evaluatingthequeries.

If the labelsappearingto thefinal statenodein NFA do
not exist in the sub-tree,the objectsin the sub-treecannot
betheresultof thequery, andsubsequently, wedonotneed
to traversethatsub-tree.Thefollowing definitionsareused
in makingthesignaturein theNFA.

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

Definition 5.3(Path Signature) The path signature � ! �
of a statenode� in NFA is definedas
� !?� = S x U x is a valuewhich is ORinghashvaluesof all

thelabelsalonga NFA pathof statenoden in NFA T
Thepathsignatureis a bit valuewhich is mergedby all

hashvaluesof thelabelsof anNFA path.Thereareseveral
NFA pathsin a statenode� becausethereareseveralpaths
from � to thefinal statenode.Therefore,thepathsignature� !?� of a node� is a set.

The s-NFA proposedin this paperis an NFA of which
state nodes have signaturesto speedthe evaluation of
queries.Thesignaturesof thes-NFA aregeneratedby OR-
ing the hashvaluesof all labelsthat have to be met when
moving from thecurrentstateto thefinal statein theNFA.
Wecanexaminetheexistenceof thelabelsthatappearfrom
acertainstatenode� to thefinal statein thesub-treeof ob-
ject � in s-DOM. Let thepathsignatureof thestatenode �
be � !?� andthesignatureof theobject � be ! � . Let oneel-
ementof � !?� be !?� . If !��V$E! � ( !?� , thenwe mayguess
that we canarrive the final statenodewhentraversingthe
sub-treeof object � . If not,wecannotarriveat thefinal state
nodewhentraversingall objectsin thesub-treeof object � .
Therefore,we canprunethes-DOM graphby checkingthe
signature.

Figure3 describeshow to build varioustypesof NFA.
Therefore,if we canmake pathsignaturesof that NFA in
Figure3 thenpathsignaturesof any complicatedNFA can
bebuilt. Therulesfor makingpathsignaturesaredescribed
below.

Rule 5.1(L(a)) An NFA which hasan atomicvalueas in
Figure 3 (a) hasa start state � and a final state W . If the
hashvalueof label X is  Y6 , thepathsignatureof � !�Z , � !�4
of � and W statenodes,respectively, are

� !�Z - S� )6[T� !�4 - S�\]T
Rule 5.2(L( � � + � � )) The path signatures � !�Z and � !�4
are shownin Figure 3 (c), in which two NFAsare concate-
natedby / .

� !�Z - � !�^�_ � !�`
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Figure 4. The NFA of AddrList.((person.*) Ucompany).name

1 S 11101010,11001001T 8 S 10001000T
2 S 10101010,10001001T 9 S 10001000T
3 S 10101010,10001001T 10 S 10001001T
4 S 10101010T 11 S 10001000T
5 S 10001000T 12 S 10001000T
6 S 10001000T 13 S 10001000T
7 S 10001000T 14 S 00000000T

Table 2. Path Signatures

� !�4 - S�\]T
Rule 5.3(L( � *)) Thevalueof thepathsignatures � !�Z and� !�4 of Figure3 (d), of which operator is *, are 0.

� !�Z - S
\aT� !�4 - S
\aT

Rule 5.4(L( � +)) L( � +) canbemadeby removing an edgeb
from � to W in Figure 3 (d). Hence, the rules for making

pathsignaturesare thesameexceptfor � !�Z .
� ! Z - � ! ^� ! 4 - S
\aT

Thepathsignatureof L( � ?) is sameastheRule5.3.

Rule 5.5(L( � � )L( � � )) L( � � )L( � � ) is the concatenationof
two NFAs. While we traversefrom the start statenodeto
thefinal statenode, thestatenode	 in M( � � ) shouldbevis-
ited. Soa pathsignature � ! � of a statenode� in ced � �Of has
to bechangedbyORing � !�^ ; that is, � ! � - � ! �%gih � !�^ .
It is the Cartesianproductwith the pathsignature of each
statenodein ced � � f and � ! ^ . We call it signature prop-
agation. The path signaturesof ced � � f are not changed.
Therefore, thepathsignature � ! � of each node � in M( � � )
is

� ! � = S (x / y) U � ! � is thepathsignatureof a state
nodein M( � � ), x is an elementof � ! � ,
y is an elementof � !�^IT

Example5.2(Path Signaturesin NFA) After applying
therules,wecanobtainthepathsignature of each nodein
s-NFA, and theresultsare shownin Table2. For example,� !��Bj is S 10001001T which is the ORingvaluebetween
hash values of company and name becausethe edge
company andname hasto bevisitedin order to arrive at
thefinal statefromstatenode10.

Algorithm 2 next()
1: /* ! is thestatesetof s-NFA */
2:
���lkm
 . getnext nodeby DFSfrom s-DOM

3: while ���lkm
 is not NULL do
4: ForwardLabel(! , ���lkm
 )
5: ForwardLambda(! , ���lk[
 ) /* usingSignature*/
6: if thereis a final statein ! then
7: return ���lkm

8: end if
9: if ! is emptythen

10:
���lkm
 . getnext nodeby DFSfrom s-DOM

11: end if
12: endwhile

Algorithm 3 ForwardLambda(! , ���lkm
 )
1: for eachstatenode � which cango forwardby

b
in !

do
2: for eachsignature� of thepathsignatureof � do
3: if � $ ���lk[
 .signature(n� then
4: op. thestatenodemovedfrom � by

b
5: add o to !
6: break
7: end if
8: end for
9: end for

5.3. Query Evaluation usings-NFA

This sectiondescribesquery processingusing s-NFA.
Thepathsignatureof s-NFA describeswhat labelshave to
bevisitedin orderto arriveat thefinal statefrom a specific
statenodein s-NFA. Conversely, the signatureof s-DOM
shows which labelsexist in the sub-treeof a specificob-
ject in s-DOM. Beforetraversingthe sub-treeof object � �
in s-DOM we changethestateset !Q! of s-NFA by label �



pagesize 4K bytes
numberof buffer 20
objectcachesize 500

Table 3. Parameter s used in Simulation

of object � � . Whenwe traversethes-NFA from oneof the
statenodes� in !i! we comparethesignature! � of object�l� andoneof thepathsignatures� ! � of thestateset !Q! . If
! � $ � ! � (q� ! � thenwe cango forwardfrom statenode� .

Algorithm 2 is a scanoperatorthatreturnsa 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
determinewhetheror notthestateof s-NFA cangoforward.
The meaningof if 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-treedoesnot needto bevisitedtheremainingsub-tree.

Example5.3(Query Evaluation) Whenwe translatethe
queryof Example5.1 to s-NFA, thes-NFA canbedepicted
as similar to the Figure 4, of which each nodehasa path
signature asdescribedin Example5.2. Whenobject 0Yr is
read,stateset ! = S 2 T . If weapplyAlgorithm3 to progress
to states,the labelsof which are

b
, then ! = S 3 T because

thebit operation AND between!�� and10001001which is
onesignatureof thepathsignature � !?� is 10001001.If we
apply this operation to object 021 then ! will be S 7, 13T .
In thissituation,ANDoperationbetweenonesignaturep of� !?s and !?t cannot bep itself. In spiteof thequeryper-
son.*, thesubtreeof 02u doesnot needto bevisited. We
canobtainresultsby iterating this operation.

6. Experimental Results

The simulationprogramin this paperis codedin Java
andevaluatesqueriesin mainmemory. We storeeachnode
of s-DOMasanobjectandfetchby scanoperator, of which
theparameteris a regularpathexpression.Thescanopera-
tor requestsanobjectfrom theobjectcache,which is built
onabuffer manager. Theobjectcacherequestsapagefrom
the buffer manager. The sizeof eachobjectin the pageis
not the samefor either its length of elementname. The
objectcacheandbuffer managerusetheLRU replacement
algorithm. We usetwo clusteringmethods,depth-firstand
breadth-first.The methodsarefully clusteringalgorithms,
but realobjectsmaybescatteredin thedatabase.We count
the numberof fetchedobjectsin the objectcacheand the
numberof pageI/O in the buffer manager. Table3 shows
all parametersusedin thispaper.

# of Nodes File Size
Shakespeare(v)w ) 537,621 7.5Mbytes
Bibliography(v#x ) 19,854 247Kbytes

TheBookof Mormon(v)y ) 142,751 6.7Mbytes

Table 4. Characteristics of the XML Files

Q1 v w PLAY.*[2].PERSONA
Q2 v)w *.TITLE
Q3 vYx bibliography.paper.*[1].pages
Q4 v x *.author
Q5 v y tstmt.*[1].(title U ptitle)
Q6 v)y *.chapter

Table 5. Queries Used in Simulation

This papercomparesclusteringmechanismsto deter-
mine which is better in traversingthe nodesusing signa-
tures.Comparingthenumberof nodesvisitedandthenum-
berof pageI/O is theextremecasefrom the view point of
clustering.Thenumberof nodesvisitedis theperformance
criterion of a fully unclusteredcase,while the numberof
pageI/O is thatof a fully clusteredcase.Wheneachnode
is storedasanobjectin a database,fetchingeachobjectre-
quiresa disk operationin the unclusteredcase. However,
whenthe objectsareclustered,fetchingeachobjectis not
a disk operation.Traversingthetree,severalobjectsneara
specificobjectmaybestoredon the samepage.Theclus-
teringmethodsareBFSandDFSasusedin this paper, and
theobjectsarecompletelyclustered.However, aftermany
deletionandinsertionoperations,objectsmaybescattered
and the clusteringstatusis betweenclusteredandunclus-
tered. In this paper, we show which clusteringmethodis
betterwhen signatureis used. The datausedin this pa-
per are Shakespeare,The Book of Mormon, and the part
of MichaelLay’sbibliography, which areall translatedinto
XML. Thestatisticsof thedataareshown in Table4.

Six querieswere used in the experimentand are de-
scribedin Table5. In thesequeries,*[2] meanstwo paths
whoselabel is an arbitrarystring. The first queryfor each
XML dataretrieves the datathat are locatedin a specific
path.Thenext queryretrievesthedatalocatedat any depth
of the treefor eachdatafile. Figure5 shows theresultsof
performancetests.Figures5 (a) and(b) measurethenum-
berof nodesfetched,and(c) and(d) measurethenumberof
pageI/O. QueriesQ1,Q2 andQ6 fetchmany moreobjects
thando queriesQ3,Q4 andQ5. Thereforeseparategraphs
areusedto distinguishtheresults.In thesefigures,zerosize
of signaturemeansthatthesignaturemethodis not used.

For thenumberof retrieval of nodesin Figures5 (a)and
(b) the signature-basedqueryevaluationhasbetterperfor-
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Figure 5. Performance Evaluation

mancein all cases.Thisisobtainedbydecreasingthesearch
spaceof treesby comparisonof signaturesbetweens-DOM
ands-NFA. If eachnodeis storedasanobjectin anobject-
orienteddatabase,we candecreasethe numberof objects
fetchedby the signaturemethod. The larger the signature
size, the betterthe performance.However, when the sig-
naturesize reachesfour bytes,performanceimprovement
ceases.This varieswith the numberof elementnamesin
the XML documents.If the numberof elementnamesin-
creases,wehaveto extendthesizeof thesignaturefor better
performance.

Figures5 (c) and(d) are the numberof disk I/O when
XML datais storedasclusteringby DFSandBFS.It shows
that disk I/O is reducedvery significantly in this case. In
thegeneralcase,wecanobtainbetterperformanceby BFS.
Whenthequeryevaluates,thequeryexecutortraversesthe
treedepth-first.However, ass-NFA prunesthesub-treeby
thesignaturemethod,thepossibilityis increasedof goingto
a sibling node. In thecaseof DFS,two sibling nodesmay

be storedin differentpages.Thereforepruningmaycause
a pagefault anda new pageis fetchedfrom the database.
On theotherhand,two sibling nodesmaybe storedin the
samepagein BFS.Fetchingthesiblingnodedoesnotcause
a pagefault in thecaseof BFS.This is thereasonthatBFS
outperformsDFS. In Figure5 (d), Q3(DFS)andQ4(DFS)
show that the signaturemethodcausesmoredisk I/O. The
reasonis theoverheadof thesignaturewhentheobjectsare
storedon disk. Thenodesizeof thebibliographyis smaller
thantheotherdocumentswhenit is storedin thedatabase.
In spiteof the small sizeof the signature,theremay be a
largeoverhead.However, aftermany deleteandupdateop-
erations,thenodescannotbe fully clusteredandthe shape
of thegraphwill bechangedasin Figure5 (b).

7. Conclusion

XML is representedasa tree.Wheneachnodeis stored
asan object in a database,we have to reducethe number



of nodesfetchedfrom the databasewhen the queriesare
evaluated.In this paperwe explainedthesignaturemethod
for storingXML documentsandevaluatingregularpathex-
pressions.We canreducethesearchspaceof thegraphand
disk accessby s-DOM ands-NFA. This techniqueis very
usefulwhenan index cannotbe usedin queryprocessing.
The index of semi-structureddatais anotheritem of semi-
structureddata.Therefore,if this techniquecanbeusedin
asemi-structuredindex thesearchspaceof theindex canbe
reduced.

Clusteringis a very importantfactor for getting better
performance.If we clusterthenodesby BFSwe canattain
betterperformancethanbyDFS.Thatis,clusteringbetween
sibling nodesoutperformsclusteringbetweenparent-child
nodeswhen we usegraph traversingbasedon signature.
Thereasonis thatwhenthegraphis prunedin themiddleof
thegraphanda sibling nodeis traversed,thenodemaybe
in thesamepagewhenweuseBFS.
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