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A Study on New Indexing Techniques for XML Database Queries

Hee-Sook Park

Department of Computer Engineering, The Graduate School,

Pukyong National University

Abstract

In this dissertation, we propose two new indexing techniques to improve the
searching performance of path-oriented queries against XML document stored
in relational databases.

In the first proposed indexing technique, an abbreviation path file to perform
path-oriented queries efficiently is generated which 1is able to use its
hash-code value to index keys. Also this technique can be further enhanced
by combining the Extendible Hashing technique with the abbreviation path file
for improving performance of retrieval. We will be named this technique, as
EHP(Extendible Hashing with abbreviation Path)-indexing method.

In the other technique, we propose a Parallel Match Indexing Fabric to
speed up evaluation of path-oriented query using path signature and design
the parallel match algorithm to perform match process between a path
signature of input query and path signatures of elements stored in the
database. To construct structure of the parallel match indexing, we first make
the binary trie for all path signatures of elements on an XML document and
then which trie is transformed to the Parallel Match Indexing Fabric. Also we
use a Parallel Match Indexing Fabric and a parallel match algorithm for

executing search operation of a path—oriented query. The technique is termed



PMP(Parallel Match with Path signature)-indexing method.

When the number of path signatures in path signature file is small, although
an existing method can gain better performance than proposed method, we
find that proposed approaches in this dissertation can accomplish further
advancement of performance as increasing the number of path signatures in
the path signature file. Also, the existing method reveals a difference of
performance depending on how many bits are set to 1 within a path signature
and how many number of path signatures are included in the path signature
file. However, the performance of the proposed methods here is not
influenced by neither the number of path signatures(N) nor the number of bits
set to 1, but only influenced by the length of a path signature. Accordingly,
proposed approaches can achieve to a significant improvement of evaluation
performance of the path-oriented query to XML documents stored in database.

When we use proposed approaches in great than medium volume of
database, we will get more benefits than using existing approach. In our
proposed approaches, each time complexity of algorithms is O() and O() in
the worst case, where & represents the number of slots a bucket and /4 is the

length of path signature.
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2.1 XML#H 7|s

XML SGML(Standard Generalized Markup Language)? HE3 o=
AAENe™ W3Ce ols) ARH L vk XMLL ©h<esta v FAg ©
2E YJAg 7HA I Qe oA 7| &> HTML# fAbskA vk 1 4]
< g=u)

XMLe] 7} & 542 XMLo] HEdlo](Meta Language)eh= Zlo]t}. ©]

AL XMLo| HTML¥Y o] ol #ME 7|=3te TAFIES AlFste Aol

bt BARES REE 4T 8] BFolth Z, ARl g o
g Addeta o] LAE e WAS JlEdE GBS s ddojg ol
[18, 60].

XML 98 tix dAEd FAE fdshy] 93 HHoz AAEe
U @A e-nAYz/ AR o B vag] o, 3 F4, 83 w4
T2, a9, A dolg 5 g2 HolEHE vadg ] Y& AlgEa gl
o},

XMLF=A+ DTD(Document Type Descriptor) =¥ 2~ 7]1HSchema)ol] 2]



A g 7lsd Fx29 B 432 S okt s
DTDE 54 XMLiEA 9 F2E WAHo R Adste] AFgo=zr dH
EE Alolo] #AES EHsHA Yed= 98-S 3t 28y DTDE XMLO|

ofyrE XMLel wisiA & = o= A3 #& WAo® DIDE e 7 §

>~

7] el RO FR3 Ve ES T WA Xt whebA

A

o= DTDRUE XMLEA FES A&ty o

=5

=5

N

2]
ok 27|vkE XMLEA 735 #dshes 78 Fao= ARgstal gl

rr

"

L

Aottt & A F8 RdlEi= W3C XML ~7|v¢} mlo] 324X E XML
71wz} 9l
ol 2 ZAAE XMLEAE ‘AH 4 (well-formed document)’ 2F

}
W, XMLEA7F £e] wowa DTD Ei 27lvkd] %A 448 BAE &

Ot

ol

St A (valid document)'&dlal o] AS A Ast7] st T2 S IHA
(parser)g} 3t} 28 1L mlo]|AZ AT E XML A7)0 RdS Al&sE &

g3t XMLEA S Z=E RoFa 9t}

<?xml version="1.0" ?>

<CustomerList xmlns = "x-schema:customerlist—schema.xml">
<Member type="normal">
<Person>

<name>Sally</name>
<birthday> 30th January </birthday>
<gender> Female </gender>
<address> Pusan </address>
</Person>
</Member>
<hobbies>
<artist>Bach</artist>
<{sports> Baseball </sports>
<music> Jazz</music>
<favorite> Dancing </favorite>
</hobbies>
</CustomerList>

a9 1. &%k dA XMLEA =
Fig. 1. Valid an example XML document code
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fEAe HAERZE DOM(Document Object Model)-7]wHe]  1pA 9}
SAX(Simple API for XML)-7]%e] 347} Qlt,

DOM7|¥Fe] wpx = W3Ce s Paeto ZA A -7]9HObject-based) 9]
AEH o] ~E 7HA Lt} upebA] wEE A5 EE o]&slr] i §&
ZrIgo] tastH, XMLEAME Ed(tree)$t o] £33 4 vt Egfd
A om=e dele 747 dedEElement)$t ol EFH-E(Attribute) 181
B~ E(Text)soll g 7Fxolt} [18, 23, 73].

i =T E DOMIAME ARE3t 19 2% DOMIPA & o] &3te ¥

19] oA XMLEA] et vy A3E E 22 183 Zojth

e
(e ) e Gende 55 k) gt (T Donens”

@ January”

a3 2. XMLEA 9 EE 4%

Fig. 2. Tree structure of an example XML document

Hhde] SAX 7Iwke] A= W3Cel E dagke ofym oJHlE 7|RE



(Event-driven)9] QE|#Ho]AE ALL&3la Yt} o]AL XMLEAES A7 ss=
HAA B2, HAE, F4 S5 WA H EE 245y dEol
DOM¥ Beh o] wh2th SAXTA = 1 F2E PdapAn oHE dsel &

g)sl7] 93k &8 Zzade Hluwd ERsioh [18, 23, 16].

2.2 AZ-A3F A9

F XMLEAE Zolst7] 9139 XQuery, XML-QL,
XPath'sd 22 2 714 A2-X3 AdojE5o] AQFHATE.

(1) XQuery
XQuery+ Quiltg} 3+ XML #9] doj=z 5
XQL, XML-QL, SQL, OQLE¥ 2 4 7[A] QdojE25 -y 159 SEAES

2831 T XQuerys ORACLES HIX%H A EE 58 dolgHuol A~ qxl

e sy 9% Aol Y e FEREE PEsE Au
2 @8 AT F Qom oA HEGHES o]F ol

AHEETE XQuery®] @A =E o #o] Backus-Naur Form #9HO=



<Simple Path> ::= <PathOP><SimplePathUnit> |

<PathOP><SimplePathUnit> '@'<AttName>
<PathOP> == "'/"| '//'

<SimplePathUnit> ::= <ElementType>|
<ElementType><PathOP><SimplePathUnit>

18 3. XQueryd #W¥HITE

Fig. 3. Grammatical construction of XQuery

U2 XQuerys o83 ded 2 dojofo] g 7hA| oot}

<SimplePathUnit> :

/CustomerList/Member/Person[gender$contains$'Female']

o714  /CustomerList/Member/Person< &

TdE2E ek Ao,

[gender$contains$'Female']:= %] (predicate)o]th. =, A

A dYHE “gender’7} @] “Female” & ¥33=%

AN

ohA & 2ol ghet,

(2) XML-QL

lo

XML-QLS AeojojE ndd 4 3l

sk 4= g9lom, XMLUelE$ DTDE Alole]l AR

43+ Aok XML-QL&



FAAAE AW F] glom @AY WMAR SdF AL ohrh

ML-QLY] ¥ Fx+= 19 49 2t}

XML-QL ::= (Function | Query) <EOF>

Function ::= 'FUNCTION' <FUN-ID>'(" (KVAR>(":" <DTD>)?)* ")
(""" <DTD>)? Query 'END'

Query ::= Element | Literal | <VAR> | QueryBlock

Element ::= StartTag Query EndTag

StartTag = '<'(KID>|<VAR>) SkolemID? Attribute* ">'

SkolemID ::= <ID> '(' <VAR> (', <VAR>)x ")’

Attribute = <ID> '='" (" <STRING> """ | <KVAR> )

EndTag ::= '<' / <ID>? ">

Literal ::= <STRING>

QueryBlock ::= Where Construct ('{" QueryBlock '}'")x*

Where ::= '"WHERE' Condition (',' Condition)*

Construct ::= OrderedBy? 'CONSTRUCT' Query

Condition ::= Pattern BindingAs* 'IN' DataSource | Predicate

Pattern ::= StartTagPattern Pattern* EndTag

StartTagPattern ::= '<' RegularExpression Attribute* '>'

RegularExpression ::= RegularExpression '*' |RegularExpression '+'|

RegularExpression '.' RegularExpression |

RegularExpression '|' RegularExpression |
<VAR> | <ID>
BindingAs ::= 'ELEMENT_AS' <VAR> | 'CONTENT_AS' <VAR>
Predicate ::= Expression OpRel Expression
Expression ::= <VAR> | <CONSTANT>

OpRel ::: '<| | '<:| | '>| | '>:| | ':| | '!:|
OrderedBy ::= 'ORDERED-BY' <VAR>+
DataSource ::= <VAR>| <URI>| <FUN-ID>(DataSource('," DataSource)*)

a9 4. XML-QLY| ¥ %
Fig. 4. Grammatical construction of XML-QL

XML-QL #&-5 AH&3 dofole] o= taa #h

_10_




WHERE <CustomerList><hobbies>
<music> $a </>
</> IN "o A xml"
CONSTRUCT <#HZA3> $a </>

2o dA dooj= “oA.xml’olFE XMLEAZHE “CustomerList” <

g ES] 24 deUERA “hobbies”& 7FAal glal, 19 A4 w=E9)
“music” FHWES] & Fe F AR FAAA B dYUE FxE
thEo]l EEsteks ulelth o714 $av= WE T AdRE <HA4

> Jazz </HAAAHS"7F bEo{ T},

(3) XPath

XPath®] 7]& H2& XMLEA Y &5 77 g Aoty &8, &
A3 =2, BHYdEes 247 9 712 Vs Es Aleerh. XPathe
XMLEA el vH Alolde BAlst7] $13 dojolrt. Fojx1 XMLwA el o
g XPath %39 H7F A3e £A49 Ao wet 449 =59 o]

th. XPath 32 19 5%} #2 & 7x5 ARSI

LocationPath ::= RelativeLocationPath| AbsoluteLocationPath
AbsoluteLocationPath ::='/' RelativeLocationPath?|
AbbreviatedAbsoluteLocationPath

RelativeLocationPath ::= Step| RelativeLocationPath

'/' Step | AbbreviatedRelativeLocationPath

Path ::= /Step:i/Stepy/..../Stepy

Step ::= AxisSpecifier NodeTest Predicate* | AbbreviatedStep

19 5. XPathe] +9 +%
Fig. 5. Grammatical construction of XPath
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el o] AxisSpecifiers EA oA YB]Alo]|E oo = SRS LER]
™ XPathi= child, descendant, parent, ancestor, following-siblings 12
A o] WS Ale . H(Axes)ol o] AEH =52 k== HXAE)
ofsf ded. 7P ¥

XPathe dZ5([ D2 =4l w5 X3 5 dor, o= X4

of
2
o

Ao AMEHE B HAEs =29 o]Fo|t)
2o A2 JA% w=E5S Ayl 58248 w3t

XPath &S A& dojold o+ o33 At} [18, 70].

/CustormerList/hobbies/activity[.='Dancing']/@class

o 714 /CustormerList/hobbies/activitys ~®#15o]1 [.='Dancing' ]
o5 Yehdth. 3k @classi= NEZFHEO|Y. =, XA HA2E 717
AZHE activity?] HEZHE class’} HEZYHFEZFSE 'Dancing's 7}
A3l QIEA] opdAE Aot

2.3 N7 A=A

g 9} (Signature file)S H-4 &3t o

B=)

=] (Inexact filter)d] @S 7]



13 62 3 Y =F(False drop)d oS Hol5a1 )

THHXAE .... Management ...... database ...... information ....
_ o] 9 N
HExdo s iﬂwﬂ A o]0 dojojo] My wjx] Ay}
[e)

Management 010000100110 Management 010000100110 match
database 100010010100 XML 011000100100 no match
information 010100011000 informatik 110100100000 false drop

53 A 110110111110

a9 6. AEAAE BAT 5 =5 (False drop)2] o

Fig. 6. Signature generation and an example of false drop

91e] 1% ol A B 23 o] “informatik’olg Dol AAZ BA €
~E el EAet 2 wold @Xgw $ods] ZrAWT v o]
Aejoe] Avghow et weha o] AL 39 =E(False drop)o] BT},
A9 = E(False drop)®l 7HsA S Hzskslr] dside 2+ AugtelA 12
A48 wEe] F7) A9 50%E Eadet 499 Aoz =ewrh g

Ao A SelA Bgat 2 A1DF} H1DE B F Ak

_18_
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Element node Signature

CustomerList 010 000 100 110
Member 100 010 010 100
Person VvV 010 100 011 000
Path Signature 110 110 111 110

a9 7. ARAE ABA dA

Fig. 7. An example of path signature generation
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2.5 71 A7AH &0 2 EAF AA

A deolguo] 2o A XMLEAES o=z HAEZAHES ol &3t
of BE-AE HoJolo] HrrEEE VN g 71 xR A4k
2% Chen [18]°)] 9l&] AA7-9 7|Ho] ). o] 7|HL AZ-23F Aol tj
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i) dojo] A=A gre] ~AA 1A BIEQ] gho] OolW A% ¢

=

R

= 7

A BEE olFit

A R 732y

1. letter : 011 001 000 101
2. letter—date : 111 011 001 111
3. letter—greeting : 111 101 010 111
4. letter—body : 011 001 101 111
5. letter—closing : 011 101 110 101
6. letter—sig : 011 111 110 101
7. letter—-body-para : 011 001 111 111
8. letter—-body—-para—emph : 111 011 111 111

(a) dA| d2Av 3
(a) An example of path signature file

0/ \1 o/ \l

(» Gl

W (D@
S aly
1 E)E (6]

(b) HEZAE EY

(b) Patricia tree

a9 8. dA FEAY ddd} HELA Eg

Fig. 8. An example of path signature file and patricia tree
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3. A= AdA A A

& AelMs B =2l A Aljtetaatels T 7hA AR A9 71l &
A% dda g i A9 725 23S EHP-indexing 713 7
mAgI gy w2 9y FxE A’ PMP-indexing 71\l #e W&
< 7ledd

3.1 EHP-indexing 7|9

B Ao A= EHP-indexing 7]Wol thate] 7)<t}

3.1.1 EHP-indexing 71¥& $3 A|&"9 AA

® =olZD ®2% T
-—a=
A a o
3 > = 212l _—
@ &o

®I2-NY
o
a4 @ mx =
@ L= &ol0i9 gE-E=
oE-2=
T o4l
elena =

XML
2AM >

7191 9. EHP-indexing 719 =& & AlAH LA LT

Fig. 9. Logical architecture of the system for EHP-indexing method
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a9 99 =gld A|2E FAEAA Ao A2 7](Query processor)i AFE
A7F dEE AR-Ag AojojE A 7les BAE Aojo] = WH3sl

S oAQla o)Be] UHARE A4ett A9 Y Aol AdNRE AHE

—

B OB BE Holtz 27 kel Agshs Aue Bt

AZHE ¢go]lE2 FZ+= {DoclD:iKInteger>, EID:<Integer>, EName:
<string>, PID:<integer>, AbbPath:<string>}°.2 A%, 7|4 DoclD
e A9 AEAE, EID 25+ AuES] A¥AE Ename =+ 2
o ol&

AbbPath Z=% 7} AgHE 3t =4 23S o v] 3t}

i)
A
ul

 PID A=t 7t AYWES] By AWEC U7 AEAE,

filo

B~ E go]&82 %+ {DoclD : <integer>, PID : <integer>, TextVal :
string>r o2 FAETT o774 PID 2=+ AWE HeolEd AxE A
HEES] AHAE 98 Ao, o] 72 deje] XMLEA WeolA 33t 9
2EGE 7RI ER HAES @4 FE kRN dHES VRIte A
of FEairt g} TextVal 2= HAE dolE e <w] )

NEZHE HolEe %+ {DoclD:<integer>, PID:<integer>, AttName
: <string>, AttVal:<string>}2.2 FAEC}. 7|42 PID I=% HXE |

oot Lol AHE HolEo AFE AYUESS AEA=cH e
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rr

3 JEHEHS 7M. AttVal TE=E= JEHEZS ot
2% 19 ol XMLEAZE 340 o8 g F 2A dojeiuol
ALHE Hlo]Z, BAE Hol, o|ERE oo A7 AgHE ¥
thso %1, ¥ 2, % 37 Zr
¥ 1. dYHE Hol&
Table 1. Element table
DocID EID EName PID AbbPath
1 1 CustomerList 0 C
1 2 Member 1 CM
1 3 Person 2 CMP
1 4 name 3 CMPn
1 5 birthday 3 CMPb
1 6 gender 3 CMPg
1 7 address 3 CMPa
1 8 hobbies 2 Ch
1 9 artist 8 Cha
1 10 sports 8 Chs
1 11 music 3 Chm
1 12 favorite 8 Chf
¥ 2. HHAE golE
Table 2. Text table
DocID PID TextVal
1 4 Sally
1 5 30th January
1 6 Female
1 7 Pusan
1 9 Bach
1 10 Baseball
1 11 Jazz
1 12 Dancing

_28_



% 3. NEZFE Hol=
Table 3. Attribute table

DocID PID AttName AttVal
1 2 type "normal"

3.1.2 EHP-indexing 7| <& 93 FTx A4

w AilMs @FAdRE AYst= W dE5AE gds o835t

(o3

EHP-indexing 7|H& {3 QgA x5 FAsh= Wil tiste] A3y,
GE5A 2= XMLEA 9 s g A 7 de|HESS] 42 JHE 133}
7

of Q4@ F FE AeWEdA 7} dewEe] o=
E

X4 SGEFAE g 4
Table 4. An example of abbreviation path file

$A ElementE9 A= GER3= A ZE=(16 bit)
1 CustomerList C 0001101000101100
2 CustomerList/Member CM 0001101001111001
3 CustomerList/Member/Person CMP 0011100110111001
4 CustomerList/Member/Person/name CMPn 0011101000100111
5 CustomerList/Member/Person/birthday CMPb 0011101000011011
6 CustomerList/Member/Person/gender CMPg 0011101000100000
7 CustomerList/Member/Person/address CMPa 0011101000011010
8 CustomerList/hobbies Ch 0001101010010100
9 CustomerList/hobbies/artist Cha 0100000001111000
10 CustomerList/hobbies/sports Chs 0100011110000000
11 CustomerList/hobbies/music Chm 0100010100101000
12 CustomerList/hobbies/favorite Chf 0010000001111000
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dE Eof, 2" 19 dA FEAolA  AYHE  Persond HERE
CustomerList/Member/Person®|t}. WA o] AyHE W7 2= “CMP 7}
ARET. dEAAEe dolE 168 Edt 7Hdthd AAl 9 725 I4
& o= ]3] A ZEF “0011 1001 1011 10017& Qe 7|2 A8
t}.

Z1¥ 102> EHP-indexing 7IW €] 19d 725 747 A% 3 HA F

AEARAM F 49 dFAER FGdo] tid o] Efo] x5 RHY Aot

a9 10 94 R e gigk o] Ege] 4

Fig. 10. Construction of binary trie for abbreviation path file
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s 29 112 44 & 19 725 7] g F HA S
AZA 28 109 ol Ego] Fxo didt 4d o EF FxE fdg
Zlo|t,

0
0
1

WA A |92 B |[HA C |87 D: ||[MA E: B3 F B2 G | WA H

CMPg || Cha Ch C CMPa CM CMPb CMPn

Chs |/Chm CMP

a9 11, o Edfele] digk ¢ o] E Fxo %¥

Fig. 11. Representation of complete binary tree structure for binary tire
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a7 128 ¥ 119 94 o) EgE A ) FxE wsst
o 23 120014 f-2l& 3§ e WA Ho AFE F Ae 719 &
2 gk}
HA A
Depth=4
%y%}cv CMPg [Chs
0000 @& =z~ [ 6 |10
———— (57 B
0010/ e— i 1{1m1%hf
o011 E\W
0100 o ch
0101 e—L 8
0110 @ HZl D
0111 e— f
1000 E\W
1001| @— CMPa
1010| ®— 7
1011 @— WA F
1100 e CéVI CBMP
.\\
1110 CMPb
1111 @&— 5
HZl H
CMPn
4

29 12, 9 o7 Eeld] og %4

CIE IO P

Fig. 12. Extendile Hashing Indexing structure for complete binary tree
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dE S| /CustomerList/hobbies/artist®t A =Z-%]3F =z oJo] Qo tjjdh

ny

A4 e a7 12014 Holt AW ol F& AL we gk WA Y
A Az-Ag dojojo] xFH A=) BFAL Charl HEoAT o Ao
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SELECT * FROM ElementTable e
WHERE e.Ename='"artist'

AND e.AbbPath matches Z2jojo] ©=74 =,

e Qo] 49447 A
A web] A4 2 270 BEsA @ dasd axgE 5
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d

iFoF A o7} /CumstomerList/hobbies[artistbcontaines$'Bach']9] FE|=
FEETd doAerls ta Z2 doE AT
SELECT # FROM ElementTable e TextTable t
WHERE e.Ename='"artist'
AND e.AbbPath matches Z<joo] G54 =
AND e.DocID=t.DocID
AND e.EID=t.PID AND t.TextVal='Bach';
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/* level : level of Current Element node or level of Root Element node */
/¥ array IDTrace use to trace a path of each element */

/* array PathTrace use to get a abbreviation path of each element node */
XML_Document_Parsing(CurrentNode, level) {

Input : XML document, level

Output : Abbreviation Path File, Element table, Attribute table, Text table
Current_NodeType=GetNodeType();

switch(Current_NodeType) {

case DOCUMENT_NODE :

Document d=(Document) node; /* create XML document object */
XML_Document_Parsing(RootElementNode, level+ 1);
break;

case ELEMENT_NODE:
ElementID+ +;
IDTracellevel-1]=ElementID;
PathTracellevel-1]=ElementName;

for(int loop=1 to level) { /* to get abbreviation path of each element */
Create Abbreviation Path of each element;
}
if(level==1) {
ParentID=0;
} else {

ParentIlD=IDTrace[level-2];
Insert into ElementTable
values(DocID, ElementID, ElementName, ParentID, AbbreviationPath);

Store Abbreviation Path into Abbreviation Path File;

Get Attributes of CurrentElement;

for(int loop=1 to Number of AttributeNode) {
XML_Document_Parsing(AttributeNode, level+ 1);

}
Get ChildNoes of CurrentNode;
if(ChildNode !=null){
for(int loop=1 to Number of ChildNode) {
) XML_Document_Parsing(ChildNode, level+ 1);

}
}

break;

case ATTRIBUTE_NODE:
ParentID=ElementID;
Insert into AttributeTable

values(DocID, ParentID, AttributeNodeName(), AttributeNodeValue);

break;

case CDATA_SECTION NODE :

case TEXT_NOD
ParentID= ElementID
Get value of Current node;
Insert into TextTable values(DocID, ParentID, TextNodeValue);

a9 130 XMLEA 3 2 9542 3d A dags
Fig. 13. An algorithm for parsing of XML document and generation of
abbreviation path file
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19 15. EHP-indexing 7]
Fig. 15. UML sequence diagram for searching process by using EHP-indexing method
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Processor 3

1: R !
| (kgf,nfv 2: MakeHashAddr

3: LoadBucket|
(CurrentBuckel: bucketAddr)

5! [recAddr=-1]
> BucketRead(File)
6: Return RecAddr

7: [recAddr!=-1]
DirRead(File, RecAddr) »
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|
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4: Read(bucketAddr)

1 Ll
9: Return RecAddr e D

"110: Remove
(key)
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5
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2:[Result=-1]

Return O 13: TrgCombine

14: FindBuddy

15:LoadBucket
(buddyBucket,byddyAddr)
l

16: Read(bpcketAddr)

17: [recAddr——l]
BucketRead(File)

19: [recAddr'—-1]D|rRead(F|le, RecAddr)

‘ i
<. 21: Return|RecAddr S 20t Return RecAddr

<22[NumKey> +buddyBucket—>NumKeys > ‘MaxKeys]Return 0

23: Combine(buddyBucket, buddyIndex)

24:
(bud

116, 19 7] Al B MAlE R A S f1% UML Atk tholo] f1s
Fig. 16. UML sequence diagram for processing combination of buckets

and deletion of index key
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3.1.4 EHP-indexing 7]yl #3 Ag & u3F

B =Fo|A A|otst EHP-indexing 7)o tidt A5AdLe t}s

i
s
rlo

AFH A" Aol A A s 28-S Windows 2008 &G AAS wA)
g Intel® Pentiunt 4 Al AJollA] o] FAAHL. Al AHle] Al W R g
1GB, CPU%% 1.7GHz, HDD 80GBZ FAHo] ¢low, dolgo]x Alx
o2 Oracld 9iE A3t 43S a3k

APe A PYsE A2-AF Doole] PRt wE Ag 9X F=
7

3 5. Al AFEEE HlolHE

Table 5. Simulation data

] 5ot
GEAZ | XMLEA 9] | A 2= O“;IHE XMLEA | £329] | B2-A3F A oloie]

A% | 2 el | Aeloiv| Lo selel §| /A 79

T/
1,000 4 21 53 19 173 |/CustomerList/hobb
ies

10,000 4 21 210 48 173 |/sports
100,000 4 21 300 334 173 1 /customerList/hobb
500,000 4 21 400 1,250 173 |ieslartist$containes
1,000,000 4 21 500 2.000 | 173 $Bach’]
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AsHor 7 AAE AT HHEe AAsE ©A duve 2757 o
woll AlZE B3 O] "k diveti A s e ER A

g 9 Hxo Fhs agshA @] wEelrh

¥ 6. 49 A9 275E dYEs} WA A9 2]
Table 6. Required size of bucket file and directory file for simulation

_ _ Bucket |HA &3 (k)
Key¢ 4| Directory File2] =17] Files] 291 | (]9] 2/m2)
1,000 6.02KB 19.7 KB 4
10,000 6.02KB 124 KB 11
100,000 6.02KB 1.19 MB 24
500,000 6.02KB 1.91 MB 90
1,000,000 6.02KB 2.7 MB 173

a9 172 £ 69 4F dolHE olg3te] FY A Ay FxE T
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Fig. 18. Analysis result of the number of key comparisons between

existing method and EHP-indexing method
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3.2 PMP—indexing 7]}

B Ao A= PMP-indexing 718l #38to] 7143t}

3.2.1 PMP-indexing 71H& 9% A" HF

1% 19+ PMP-indexing 71 F338t7] 93 875 & =84 A|=g9]
TAEE HolFE Aol AlaEle] 2= 3¢ FXR(B-tien)® FAEHMY, AlE
2 &, A9 Al 2E o dlo]EHo] A~ @o R FAFET of 7|4 Ho]E o]

zol 9IAE QYA AaHTE BAH AARY EE 2How Wzl 4

A | @ Az 29 PGk L
& _ @39 |
2 | DA AT akakd

A9 PREE
@ Aol =
%Eéﬁh\\ A2AYE

W v

988 7=

XML
= A

a7 19. PMP-indexing 7'HS 913+ =214 A28 4%
Fig. 19. Logical architecture of the system for PMP-indexing method
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a9 199 =4 Al=E FA R A AoH 2] 7](Query processor)i Ab

§A7h QEd AR-AF Aojols A @ BY Aol Frx wa

e 7%, AR-AF delole] A=A AASE 75 e Aol A
Ankeg AHgAA AYE] g8 A8 FHFAS WE] Fi /FES

WE wA) Qe e AR 9% Aejole] FrAWT WAske 7
241 e,

Fste] 4 =55 WAE dHolEHols ol AYUE HolE, HAE

2} CDocuments and SettingsWadministratorftHIER SHoIWEES| = SRR
LiiFy MEEYy =XV SHRVA 21 S52H) ‘

CHE -+ - @@ | Gad asAxy @oon 3 B S =
J mywebsearch v| lpSearchlvlaFun Cards

- <Inventory code="§100al12">
- <Maker>
- <items>
<name>K1-123</name>
< price>23,000</price>
<quantity>400</quantity>
<date>July 2th 2003</date>
<fitems>
<fMaker>
- <warehouse no="kp-001">
<location>Pusan city</location>
<manager>Kim Yoo-Sin</manager>
<date>June 5th 2004 </date>
<fwarehouse>
<fInventory>

a7 20. FFES XMLEA oA
Fig. 20. An example of valid XML document
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Table 7. Element table

wAID| EYHEID| d2HEY | FEID| H=AH
1 1 Inventory 0 0011001
1 2 Maker 1 1010110
1 3 items 2 0001101
1 4 name 3 1100101
1 5 price 3 0000101
1 6 quantity 3 1100001
1 7 date 3 0011101
1 8 warehouse 1 0100101
1 9 location 8 0000110
1 10 manager 8 0010011
1 11 date 8 0010110
i 8. "HXE Holk&
Table 8. Text table
wA | FRID| HAEfE
1 4 K1-123
1 5 2,3000
1 6 400
1 7 July 25th 2003
1 9 Pusan city
1 10 | Kim Yoo-Sin
1 11 |June 5th 2004
I 9. JMEHFE Heol&
Table 9. Attribute table
TAID| F-EID| o EZHEY 54
1 1 code j100al2
1 8 no kp-001
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Table 10. Contents of path signature file for an example XML document

2 A ElementE2] 4= A =Z2 (h=7)
1 Inventory 0011001
2 Inventory/Maker 1010110
3 Inventory/Maker/items 0001101
4 Inventory/Maker/items/name 1100101
5 Inventory/Maker/items/price 0000101
6 Inventory/Maker/items/quantity 1100001
7 Inventory/Maker/items/date 0011101
8 Inventory/warehouse 0100101
9 Inventory/warehouse/location 0000110
10 Inventory/warehouse/manager 0010011
11 Inventory/warehouse/date 0010110
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a9 21, ARAE g figt o] Eglo] Fx

Fig. 21. Binary trie structure for path signature file
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Fig. 23. Parallel Match Indexing Fabric for Fig. 22
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Fig. 24. Initial state of Parallel Match Indexing Fabric
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Fig. 25. After A time, a state of Parallel Match Indexing Fabric

_51_



ol Wl mjx|3lel= HE wHle] sbg 4% wE

Z W Ex i poll A3 BE PE k=gl =3

i

27 262 WA Al AR AE(rue)d 9HF F

UH j] O] dl A

e T S welEa g,

true

false| |false| |false| |false||false| |false||false||false|| true

T3 26, 2xpA3F Ol F, B A A Fx| A

Fig. 26. After 2XhA time, a state of Parallel Match Indexing Fabric
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/* level : level of Current Element node or level of Root Element node */

/* array IDTrace use to trace a path of each element */

/#* array PathTrace use to get a path signature of each element node */
XML_Document_Parsing(CurrentNode, level) {

Input : XML document, level
Output : Path Signature File, Element table, Attribute table, Text table
Current_NodeType=GetNodeType();
switch(Current_NodeType) {
case DOCUMENT_NODE :

Document d=(Document) node; /* create XML document object */
XML_Document_Parsing(RootElementNode, level+ 1);
break;

case ELEMENT_NODE:
ElementID+ +;
IDTracel[level-1]=ElementID;
PathTracel[level-1]=ElementName;

for(int loop=1 to level) { /* to get path signature of each element node */
Create Path Signature of each element;
}
if(level==1)
ParentID=0;
else

ParentID=IDTrace[level-2];
Insert into ElementTable
values(DocID, ElementID, ElementName, ParentID, PathSignature);
Store Path Signature into Path Signature File;
Get Attributes of CurrentElement;
for(int loop=1 to Number of AttributeNode) {
XML_Document_Parsing(AttributeNode, level+ 1);
}

Get ChildNoes of CurrentNode;
if(ChildNode !=nulD{
for(int loop=1 to Number of ChildNode) {
XML}_Document_Parsing(ChildNode, level+ 1);

}
break;
case ATTRIBUTE_NODE:
ParentID=ElementID;
Insert into AttributeTable
values(DoclID, ParentID, AttributeNodeName(), AttributeNodeValue);
break;
case CDATA_SECTION_NODE :
case TEXT_NODE:
ParentID=ElementID;
Get value of Current node;
Insert into TextTable values(DoclID, ParentlD, TextNodeValue);

a9 27. XMLEA] 343 A2 9d A dags
Fig. 27. Algorithm for generation of path signature file and Parsing
of XML document
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Sequential_Match_Indexing_Structure_Construction(Key, pointer_of Root_Node, h)
Input: Input: Key, pointer_of Root_Node, h [* h : length of Key */
Output : Binary Match Trig(sequential match indexing structure)
{
Current_node=pointer_of_Root_Node; /* Pointer obtrmodeis assignedto pointer of current
node */
for(i=1 to h-1) /* Building Sequential Match Indexing Fabric */
{
/* Making left child intermediate node and conriegtto parent node */
if(bits(Key, i,1)==0 and Current_node->LLink==NUL{L)
Current_node->LLinkintermedi ate Node Creation();
Current_node=Current_node->LLink;
}
[* Making right child intermediate node and coatigeg to parent node */
if(bits(Key, i,1)==1 and Current_node->RLink==NULE)
Current_node->RLinkntermediate_Node_Creation();
Current_node=Current_node->RLink;
}
/* Move to left child node */
if(bits(Key, i,1)==0 and Current_node->LLink!=NULL{)
Current_node=Current_node->LLink;

/* Move to right child node */
if(bits(Key, i,1)==1 and Current_node->RLink!=NULL)
Current_node=Current_node->RLink;
}
}

/* For making external node */
if(bits(Key, h, 1)==0)
Current_node->LLinkExternal_Node_Creation(Key);
else
Current_node->RLinkExternal_Node_Creation(Key);

28, w2k A 19l 2 S 99 dads

Fig. 28. Algorithm for building of Sequential match indexing structure
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Sequential_Match_Processing(Key)
Input : Key, pointer_of Root_Node, h
Output : matched result
{
Binary_Trie Traversal(Key, 0, pointer_of_Root_Node)
}
/* match or no-match signal is set to Indicatdrl@af node */
Binary_Trie Traversa(Key, level, base_Node)
{
if(base_node==NULL)
return;
if(level==Key.length)
{
if(base_Node->LLink !'= NULL)
base_Node->LLink->CheckField="valid’;
if(base_Node->RLink != NULL)
base_Node->RLink->CheckField="valid';
return;
}
/* Match or no-match signal is sent to left anght child PE nodes */
if(bits(Key, level,1)=="0"}
Binary_Trie Traversa(Key, level+1, base PE->LLink);
Binary_Trie Traversa(Key, level+1, base_ PE->RLink);
}
else
{
Binary_Trie Traversal(Key, level+1, base_PE->RLink);

a9 29, FEARE &3k Al A s AR dads

Fig. 29. Algorithm for sequential match processing of path signature
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a9 302> ¥ME vz daglFe 7le d7]A telol 1S BoFa Q).
Parallel Match Algorithm
Parallel_Match_Indexing_Fabric_Construction
Information_Node_Creation PE_Node_Creation
Parallel_Match_Processing
_ _ Match_Signal_Transmission
Matched_Data_Choosing Indicator_Reset
a9 30, MY wix] dagFe] 7ls #j71A] tholol 1
Fig. 30. Function package diagram of parallel match algorithm
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Paralel_Match_Indexing_Fabric_Construction(Key, Root_PE_Pointer, h)
Input : Key, Root_PE_Pointer, h
Output : Paralel Match indexing Fabric
{

Current_node=Root_PE_Paointer; /* Pointer of r&@& nodeis assignedto pointer of current
node */
for(i=1 to h-1) { /* Building Parallel Match Indexing Fabric */

[* Making left child intermediate(PE) node and nenting to parent node */
if(bits(Key, i,1)==0 and Current_node->LLink==NUL{)
Current_node->LLink2E_Node Creation();
Current_node=Current_node->LLink;

}

/* Making right child intermediate(PE) node andnoecting to parent node */
if(bits(Key, i,1)==1 and Current_node->RLink==NULE)
Current_node->RLinkE_Node_Creation();
Current_node=Current_node->RLink;

if(bits(Key, i,1)==0 and Current_node->LLink!=NULL) /* Move to left child node */
Current_node=Current_node->LLink;

if(bits(Key, i,1)==1 and Current_node->RLink!=NULL) /* Move to right child node */
Current_node=Current_node->RLink;

}
}

[* Making external(information) node */
if(bits(Key, h, 1)==0)

Current_node->LLinksnformation_Node Creation(Key);
else

Current_node->RLinkaformation_Node Creation(Key);

a9 310 8E wiA 9 T2 S A dads

Fig. 31. Algorithm for constructing Parallel Match Indexing Fabric
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Parallel_Match_Processing(Key, h, root_PE)
Input : Key, h, root_PE
Output : Position of a matched Key
{
Information_Node->Indicatoindicator_Reset(); /* Reset indicator of information node */
for(beat=1 to h) /* Each bit value of a signatus transferred to PMIF */
{
one_bit_ps=bits(Key, h-beat,1);
Path_Signature_Transmission (one_bit_ps, beat, root_PE);
}
Match_Signal_Transmission(true, h, root_PE); /* Match signal is sent to PMIK
Matched_results[Matched Data_Choosing(); /* Pick up matched data */

a3 32,719 WA WY AL 9% WA SudE
Fig. 32. Algorithm for processing parallel matching of a key
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/* input_bit : a bit value of a path signature of kieyreverseorder ,
level : i-th bit position , base_PE : pointer a@irrent node */
Path_Signature_Transmission(input_bit, level, base_PE) /* First-step proceSgarallel matching */
Input : Input_bit, level, base PE
Output : 0 or 1
{

Temp=base_PE->storedData; /* A bit data storedurrent node is passed to left and right child */
base_PE->storedData=Input_bit; /* nodes and a emered bit data is stored into current node ¥/
if(level==1)
return;
else
{
if(base_PE->LLink != NULL)
Path_Signature_Transmission(Input_bit, level-1, base PE->LLink);
if(base_PE->RLink !'= NULL)
Path_Signature_Transmission(Input_bit, level-1, base PE->RLink);

a9 33, WY vlx] QU FERE A2AY BEZS Ak dagls
Fig. 33. Algorithm for passing a bit value of a path signature to
Parallel Match Indexing Fabric
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/#* signal : match(true) or no_match(false), level : each level, base_PE: pointer
of current node */

Match_Signal_Transmission(signal, level, base_PE); /#+ Second-step process of
parallel matching */

Input : signal, level, base_PE

Qutput : true or false

{

if(level==1) /+* Match or No-match signal is set to Indicator of leaf node */

{

if(base_PE->LLink != NULL)
base_PE->LLink->matchFlag=signal;
if(base_PE->RLink !'= NULL)
base-PE->RLink->matchFlag=signal;
return;
}
/* Match or No-match signal is sent to left and right child PE nodes */
if(signal==true) {

if(base_PE->storedData=='0") {
Match_Signal_Transmission(true, level-1, base_PE->LLink);
Match_Signal_Transmission(true, level-1, base_PE->RLink);
}
else
{
Match_Signal_Transmission(false, level-1, base_PE->LLink);
Match_Signal_Transmission(true, level-1, base_PE->RLink);
}
}
else {
Match_Signal_Transmission(false, level-1, base_PE->LLink);
Match_Signal_Transmission(false, level-1, base_PE->RLink);

a9 34, WY A e TR viA] B v e de darels

Fig. 34. Algorithm for transmission of a match signal(true)/no—match(false)
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