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ABSTRACT

XML documents contain abundant structural information that can be employed
to better understand the XML documents. Structured queries are queries that search
the structural information of XML documents. In order to support structured queries,
k-ary trees are used in this thesis as an index structure to store structural information.
Based on this index structure, this thesis proposes an incremental structured index
update mechanism and implements a few functions of a SQL-like path expression

query language, called Lorel.

K-ary trees are a well-known index structure can be used to store structural
information of XML documents, where k is a predefined maximum number of
branches that a tree node can have. When an XML document is modified, its
corresponding k-ary tree has to be updated as well for reflecting the modification.
However, when a modification makes the number of branches of a tree node exceeds
k, the k-ary tree is no longer workable and the whole k-ary tree has to be
reconstructed. Reconstructing the whole k-ary tree is time-consuming when the
structure information changes frequently. This thesis proposes an incremental
structured index update mechanism called the Split Method to avoid reconstructing

the k-ary tree when the number of branches of a node exceeds k. Through splitting



nodes and defining an equivalent relationship, this mechanism can update k-ary trees
efficiently. Several evaluations were conducted to assess the Split Method and the
k-ary tree reconstruction. The evaluation shows that the Split Method only wastes a
little more space than tree reconstruction, but it is more efficient than tree

reconstruction in updating k-ary trees.

In addition, based on the k-ary tree structured index, this thesis implements a few
functions of a SQL-like path expression query language, called Lorel. Path
expression queries facilitate user to issue structural queries when the document
structure is irregular or unknown in advance. The results of queries are formatted as

XML documents.

Keywords : Incremental Structured Index Update, k-ary Tree, Path Expression

Query, Split Method, XML
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<?xml version="1.0"7>
<DIVISION>
<TEAM>
<TEAM CITY>Los Angeles</TEAM CITY>
<TEAM_NAME>Dodgers</TEAM_NAME>
<PLAYER>
<SURNAME>Darren</SURNAME>
<GIVEN NAME>Hung</GIVEN NAME>
<POSITION>Starting Pitcher</POSITION>
<GAMES>8</GAMES>
<HITS>168</HITS>
</PLAYER>
<PLAYER>
<SURNAME>Carolina</SURNAME>
<GIVEN NAME>Kao</GIVEN NAME>
<POSITION>Relief Pitcher</POSITION>
<GAMES>7</GAMES>
<WINS>5</WINS>
</PLAYER>

</TEAM>
<TEAM>

</TEAM>
</DIVISION>

W 2 0 XML 3 i AL 0

XML $20 & % 4 p (7 L& PR FRF OB B2 > 2R L8
“73} e DTD (Document Type Definition & Document Type Declaration) ¥ o 335
DID £% ¢ % XML = 2 p » 7 % DTD 4 24 46 : % DID ¥ fh— < 4 p]
#st DTD 3 #H 3% DTD (External DTD); % ¢ % & XML % & ¢ BlfL2 5 p 38 DTD

(Internal DTD) = B 3 & M 2 3k F 74§ 612 XML #h% &0 DTD o



<IELEMENT DIVISION (TEAM+)>
<IELEMENT TEAM (TEAM_CITY, TEAM_NAME, PLAYER+)>

<IELEMENT TEAM_CITY (#PCDATA)>

<IELEMENT TEAM_NAME (#PCDATA)>

<IELEMENT PLAYER (SURNAME, GIVEN_NAME, POSITION, GAMES, HITS?, WINS?)>
<IELEMENT SURNAME (#PCDATA)>

<IELEMENT GIVEN NAME (#PCDATA)>

<IELEMENT POSITION (#PCDATA)>

<IELEMENT GAMES (#PCDATA)>

<IELEMENT HITS (#PCDATA)>

<IELEMENT WINS (#PCDATA)>

® 3 : DTD § bl
B 3 :#DTD % % XML #;2 DIVISION it 5 {920 é08, > # 3 8.1~ I
- # TEAM &3> @ TEAM &8 5 - % TEAM CITY - TEAM NAME £
~ 2t ¢hPLAYER 5 &8 ; # ¥ PLAYER & 5 & 2.7 x /i 4 SURNAME -
GIVEN_NAME - POSITION ~ GAMES - HITS £ WINS i&7 3 &2 > & HITS
¢ WINS + & 8.7 & & 8. PLAYER ¢ 10— &7 J3 o j2F + & Bensh gk

PolY R PAF ARG S AR 3 TR (UHPCDATA 4 7) - Em e

212 F# 5 A (Data-Centric)#? < i+ % i (Document-Centric) 53 XML ~ i+

XML 2 #&H FHP FPe 7 FA A5 0 T4 5 2 (Data-Centric) 22 14
~ i# % i (Document-Centric) [Bertino01] - 3 % i ch XML < # 2 4]* XML #
FokREE TR e TR @ﬁ%] B Al e & 4 (Structure) &2 p R
(Content) * ¥R £ 4LA] 2 o F £ 50 G B 0T P F o] 2 o XML 3§ 1 4 i)
rt e sE Al ene 2 o ¥ - 3G o A PR B XML 2 AL - BT AR AR B
ehf i (Application-Relevant Objects)f# » p#g e XML < 2 Bl >t 2 i 5 4 en
XML = 2> igfgen> BBl PRARRM P F s EGFR B 4 - B #

LA e XML # 6 o



<Product>

<Name>Turkey Wrench</Name>

<Developer>Full Fabrication Labs, Inc.</Developer>
<Summary>Like a monkey wrench, but not as big.</Summary>
<Description>

<Para>The turkey wrench, which comes in both right- and left-handed versions (skyhook
optional), is made of the finest stainless steel. The Readi-grip rubberized handle quickly
adapts to your hands, even in the greasiest situations. Adjustment is possible through a
variety of custom dials.</Para>

<Para>You can:</Para>

<List>

<Item><Link URL = “Order.html” >Order your own turkey wrench</Link></Item>
<Item><Link URL = “Wrenches.htm” >Read more about wrenches</Link></Item>
<Item><Link URL = “catalog.zip” >Download the catalog</Link></Item>

</List>

<Para>The turkey wrench costs just $19.99 and, if you order now, comes with a hand-
crafted shrimp hammer as a bonus gift.</Para>

</Description>
</Product>
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T CITY) (T NAME

Y Y

Los (SURNAME) (G NAME) (POSITION) (SURNAME) (G NAME) (POSITION)
Dodgers
Angeles
Starting . Relief
Darren Hung Pitcher Carolina Kao Pitcher
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A

fH P &% TDarren 03k B F 300 BI¥ & Lorel 46 % 372 4o 6 #77 °

Select DIVISION.TEAM.PLAYER
Where DIVISION.TEAM.PLAYER.G_NAME = 'Darren’

B 6: Lorel%ﬁﬁz\%fﬂ]——

e R MR H T Ao o Lorel % £ § * F A (Wild Cards) # 4
% 77 7 (Regular Expression) k¥ 2 < 2 o #i|m % » Bk XML < # 7 a3k §
it % % & "NAME | & 8.7 > @ S 3k B ch & F £ & 28 TFIRST NAME |
# TGIVEN_NAME | & % o ] 7 hfe o] T 7 AT P AZOfRT - 45 )
#e& i TDarren, s B F31 0 29 0 T NAME | & 8Li8 6 IR 8L T2
%77 "NAME | & Za /4789 PR Mo a Fr 3o M%, 450
"2 NAME 5 8 %k gk 5]t & 2L 4 T FIRST NAME | & " GIVEN_NAME |

v

penEALE 5 [ Darren 0 B —"z e A KBTI R R o

Select DIVISION.TEAM.PLAYER
Where DIVISION.TEAM.PLAYER(.NAME)?.%NAME = 'Darren'’

B 7: Lorel%ﬁ?%ﬁd:
H @ ¥ % 2% 2 4o XML-QL [Deutsch98]r7k - 24 & p * XML » H 4 % 372

Yol 8 T o gU iR R 4 DI enEiE 24 0 TEAM L 4L 5 "Dodgers; ™ 7 #k R

WHERE <DIVISION>
<TEAM>
<T _NAME>Dodgers</T NAME>
<PLAYER> $p </PLAYER>
</TEAM>
</DIVISION> IN "www.a.b.c/team.xml"

CONSTRUCT $p

Bl 8 XML-QL #& % 4 &
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i Lorel 82 XML-QL ¢4 % # 57 4 2> Lorel & * &35 2 0% % 3% 4 1 fgo
F i Lorel effenF IE e 253 5 > #0Y I SQLE 2 enié % o » {a P i
IEFTER

r‘i%&"l Loreli*ﬁu FF'p 19 ’ﬁfi?}%i@%?ﬁ?ﬁ‘lﬁ— Jj\.ﬁ]FXMLQ = ’}:ﬁ

R E & - TR

vy £E 2 7 > 7, =
¥z BH2ES

fi

TR 2 B eie ko R SRSl % (Content Query)2. #b » 7= ¥ 4%
ERE R % (Structured Query) > "/ B 2 i 6] APv 2 EFS TTEAM | ¢ £ F
3 % % TDarren % "PLAYER ;- # il it g 0F 2 ¥ RS A o1 2 (Path

Expression) & 4 57 » 4 " TEAM.PLAYER.GIVEN _NAME = ‘Darren’ | °

REF e Bt EsA a0 FACRERBREL Y FhBE TR
Slo gt v i 25l euE 2 P dofe Boid (LR Nl HP Bt % sl
SRkt o £H ¥ B [Lee96]® #rik i chk-ary Tree 2 51 547 1% § B chie§ 18
B kEP P e kary Tree 7 8- B = B ek & ﬁ(Complete Tree Structure) >
ki v BAGR Y kot A 4 dice [Lee96]fe B ¥ i AHR BT 0 B -
8 [ri— ~ % 3% 5L(Unique Element Identifier, UID) ;> % 3% & 8k 2 Fd B 3% 28 1
Pt > B e UID Bt BT #aed 8 el 3 e UID s i

B AR R T o T AR [Lee96]dk T2 2 iE Rk - P o
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B 9 3-ary ¥ 2HGR S

TR R R o [Lee96]k 1 UID ke 3 BfEfat o 54 o (TH#
BRI E AT - B kary SR ERGR S H 0 Ty Eado 4 o Ly (FAR
;&Jf;‘;éﬁ&i@:ko 4oB 9 77 5 - B 3-aryTree > B¢ & B & ghedk < o L #ich
304 FRE S35 F 4 5 B(Real Node) » 4 7 S BFAF %5 hdns &
POARE R EEER AR 29 0 B 5 B # S B(Virtual Node) 0 12 g AR
SHRA T 2 o L APFHER BHEORENE  CRM RS B - A2ie 7 UID fe
BoRFEBMHAERAD 2L RESBEE- B UID 9 a2 UD

fel B% Aok 1 wra o

% 1:UIDfE %

Element UID Element UID
a 1 f 8
b 2 g 9
c 3 h 14
d 5 1 15
e 6 ] 16

d %t k-ary Tree 5 = & i, *ﬁ Pk ’;’H#t‘ C HBEET G R BEFY cfd (%
VBB AR 1 25t 2 Bt R Fare 3 a1 L E QS8 UID

N 2 AR EIHEUID SN 22l | ¢ L HEA S S UID

12



kBl Gt keary b B A L oo B2 AR 2 P 0k iNE RAvd riE 0 A
JASj<sk)#rZ8 80 B &8s BB AL o

parent(i) = {% + IJ

N 13 E g UID 2 2538

child(i, /) =k(i=1) + j +1

SN 2033 &ELUID 2 a0
Bt AP B9 B A 1 hfE B RP A B RN L e d B 9
APpRiard& el b&ehs- BAL A dEBEL h &8 &L AP i
b&8hUID 2 2Fi=2>d&85 b&gens- BAL » Flpt j=1>%i-j
BkE xRN 2 ¥ d&gsoUID 3 child2,1)=3Q-)+1+1=5-4F
10 FA P h &8 UID 2 14> 58> 250 1| 735 2L §8d 5 UID

14-2

% parent(14) =L +1J =5 augt & dagz2 UD-
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el
¥
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o
4
e
it
-g
-
A XY
)@4
My
S
&
W
(\x
-S‘ﬂ;
-y
\_.

BAR AR SRR Y B IS B
FEETHEY LB doi § g e

7

o
ol
She

oz sl o S BRI R vy o
7 A AHT D o AP AR - B ok e S B 9 A
fi:’ﬂi’év—a"#f‘\gﬁx‘f % #‘f#_}»ﬁ (TynA8 o E ér-E]J ‘B‘de’ %‘;L

kSl uE § AR 0 hotd § HOTHR D aBRE S R 5 L AT E RGE WP o

@] Adm

0o

:81=

User _11 @

Web-Based User Interface

Management
Data Index Interface
Lorel XML-Based
Query Interface Query Results _
—_ Management
g7 " Module
XML Path Query XML Results =5
2R
‘;(ML Query Processor S B
S . Update
Language H Operation | | =~ Module
Processor Processor

Bl 10 : XML < & % i 5228 1 )
#% K & # 7% F /g (Web-Based User Interface)ﬁ%l ~ SQL-like 7% j5 4 77 3¢

R IEE R IEE €A DT BEERF I E(XML Query Processor) ° B /5 #s
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B IRILE Y 3F 7 aIZ E(Language Processor) € BT R 0 2 3 2 R
AL G B R F FALHE 64T F(Operation Processor) € 2 B AL G P
4] LK FHF 5/(Data Index) ® hk-ary #HRk S HIS IR & RITIE R TR
TR XML 02 VR RS JFT o

FTALE R RV B8 F A E(Management Module) % i:- % & $1711 XML

v itz 2 keary Tree it F3u & 51 o ¥ b 2 3538 { A4 (Update Module) ¥ 3%

FARE LR RATH AR S LATXML P T RS § LATTR R Hk
m?%]?f%}f—:'—o

\4
Py
=
=l
(23
i

T g P ‘Lﬁé' —?;,A?g]gfﬁié% R N L T SN
e

#28 XML it ksl g i

Data Index

DOM Parser
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XML it Fik 512 B inAz4c®] 11 977 - 2 p a2t XML 2 2
BT RS RS ary RO B SEL R A TR RERR Y F L
‘J-f#_,l.*ﬁ'z o R 2 v XML < & 3 —‘F.*“\—} LA XML © % o T i mE
gt ek sl B 4 30 ¢
1. DOM Parser : £ # XML % i cff ‘*“ﬁﬁﬁﬁvﬁﬁmeﬁoi&
# i i % Apache Xerces DOM Parser % s i~ & fedB el B
£ 1% Xerces DOM Parser # XML < i §& = — & DOM # f‘%fﬁ o

2. DOM Tree 3144 AL @ d %3 1 ¥ che LR BHE ¢ § - B 2AFH
PR I RNT RN

3. k-ary Tree UID fiz & * 1% k-ary #Rk SHpiin g k¥ R BHIF
K L 3% ;% (Depth First Search) » 247 1 & B & genF ¥ fe ¥ UID o

UID fie % /% & £ 4B 12 #77 o

b B AP TR ST BT BT R AN A% # ¥ p MR

B .
pUID = 1;
Level=1;

Function Traverse (Node p, long pUID, int level) {
NodeList children = p.getChildNodes( );
k = children.getLength( ); //k * % & 8. p ¢+ & 8 #c
UID = 0;
//¥t &8 p T hAE B E R AT Kl UID
For(I=0;1<k; I++) {
Node child = children.item(l);
NodeList childNodeNo = child.getChildNodes( );
childno = childNodeNo.getLength( );
UID = MaxBranch * (pUID -1) + (I+1) + 1;
Traverse (child, UID, level+1);

B 12 : UID fie & i & i

16



B 13 5B 2 XML #tF e b e - Bap R enF Al > At XML

ki m P fe & & 8k UID i 4% -

<?xml version="1.0"?>
<DIVISION>
<TEAM>
<TEAM CITY>Los Angeles</TEAM CITY>
<TEAM NAME>Dodgers</TEAM NAME>
<PLAYER>
<SURNAME>Darren</SURNAME>
<G_NAME>Hung</G_NAME>
<POSITION>Starting Pitcher</POSITION>
</PLAYER>
</TEAM>
</DIVISION>

B 13 : XML = & fj 6|

( DIVISION )

PLAYER

Y

Los
Angeles

\
(SURNAME ) (G _NAME ) ( POSITION )

\ J A
Starting
Pitcher

Darren Hung

Bl 14 : B 13 ~ & &/2 DOM sk 21

B 13 (A XML ¢ i ¢ %54 XML Parser 4 < § 14 5 DOM sk 54 -
AV S @B i 7 P ETHEPN 5 EAFRLERAZ HT N o S DOM 2

oo LRBABEIEAL 2P PiF A RO E HROFT AT K2 5 5] kary

17



Tree @ « st XML 4 & # TDIVISION | 42 & 8- TEAM 5 # 5 & 27 T TEAM
FEET A 5 HAarfhend e T o kdpiztianl > XML Parser 49 & gL
Wi R BANF Z T Y UDe d B 14 2 2 7]%']’;}»’:‘;':1‘#? & d XML Parser
AT AR A AL L 3 BFWFABAZRA DY MY R - BERE
I #7233 F) 3-ary Tree (¥t R 2% -

i# 4% k-ary Tree g fs > £~ - B &8 UID 7 @8 5 & 800t h ol
A% 0 BB E S §haro 0 childd, ) = kG-1) +j+1 X E N3 §8hUID
HY i &0 §8mUID | 5+ 87 ads L 2% » @ k 5 k-ary Tree ik <
A 4 fico 1/ TPLAYER | & 8% > 2 UID % 7> B2 % - ® 5 & 8.7 SURNAME |
1UID % 3(7-1)+1+1=200d o= 8% el 291 § 8.0 UID> 1B 13 ¢

XML % # % 6> Bl 3 UID fie & 2 ens % 4od 2 957 o

% 2:UID ek &%

Element UID Element UID
DIVISION 1 SURNAME 20
TEAM 2 Darren 59
T CITY 5 G _NAME 21
Los Angeles 14 Hung 62
T NAME 6 POSITION 22
Dodgers 3 Starting Pitcher 65

PLAYER 7

pe® =475 e UID {4 » A3 < @& * (Seqld, DID, UID, Level, ElementType,
Value, ChildNo) s f i s 5 & #7247 B ch& BTG An k » TR B &

B T AR 3 AT o

18



L3 ASFRBEY AR TR

= F 3 iR &
Seqld = 1B & B K B
DID XML = i 355
UID I S
Level & 8>t k-ary Tree 7 7k %
ElementType k-ary Tree ® & B3 Ak
Value k-ary Tree ¥ & B4t & 0 42
ChildNo & BEfEG & BB K

PR 14 5Bl BB E D RGNk s FAldek 4 ora

Seqld | DID | UID | Level | ElementType Value ChildNo
1 1 1 1 Root DIVISION 1
2 1 2 2 Element TEAM 3
3 1 5 3 Element T CITY 1
4 1 14 4 Text Los Angeles 0
5 1 6 3 Element T NAME 1
6 1 17 4 Text Dodgers 0
7 1 7 3 Element PLAYER 3
8 1 20 4 Element SURNAME 1
9 1 59 5 Text Darren 0
10 1 21 4 Element G NAME 1
11 1 62 5 Text Hung 0
12 1 22 3 Element POSITION 1
13 1 65 5 Text Starting Pitcher 0

= & bt B4t & 51 { Ar(Incremental Structured Index Update)
Fo DB BTG SR - BB F S HIEL T %

B LRTE ST AR RS G 2 AR (ATRBR F RIS

BATH WL o § TR L ATIE S keary Tree chi « & L ok Bro gm0 £ 5 ALE

-
T
-
a)
[
(s
T
9o

v E e UID eni feddo R3e 3 A RRER ke &5l dn
R AR A TR AR (AN A5 £ B e E R e

19



pUATEHC R R AE R PR § AR e T 2 S s R

3.3.1 g #7& g-p % (Update Element Content)

)i

FRARIIFERY BNE FRATARE X UATHTRFATE =

-

S AT MR 13 0 XML dob ke > - B3f f Gxkfp? RAfiEaded 3
" Starting Pitcher ;> % #-H & ¢ 2 % T Relief Pitcher | » 7R A% 51 { 37 » & Jf &
FCE 51 F R Y 5 0 T Starting Pitcher § &4t s DID &2 UID » &4 4 ¢ ¥ {8 4ve

F & Bh(Text Node)— I Starting Pitcher ; c7 DID =1 @ UID =65 4% £ 15 1% DID
£ UID #- T Starting Pitcher ; 12 #7¢nF 42 T Relief Pitcher ; # % -
ﬁbiiﬁiaa%éi%ﬁﬂ?‘f ~ % & ,‘[:,:1’7212,‘[:,? %’”kih\?ﬁl”‘q‘i“f} A
H & DID £ UID {4 > £ %1 DID &2 UID #-{5eh& 8L 4L U ATenF L 5 1% o
AR DT LATE 2 € 2% R G k-ary Tree g < & 2 fic Flpt LML AT

¢ g ¥ - i

332 ",f & 2kh(Delete Element)

B

BACHIG S BETOR R Aol {ATEBER LR A R SITOR Y 45 Mg
ST L o 2 SR R EEE R TR B HACRSI T R o R
BB 13 60 XML e b %38 0 f g sk B (PLAYER) P 42448 1 ¥ #1% p¥
FiF4 4 @k DID=1%2 UD =7 a#THEFLENFTAT IR D
DID ~UID & %5k B #ré%t 0+ 2B k- - H 0 - & el e BE 7 kL
HEIFTA Rl
Btk & Bheids (T80 7 €3 3 S B0 L HZEER S A Ll ko L §3 % kary
BOR S HE P 3% & 8R0S 6 0% 5 & Bh(Sibling Nodes) % & * % & gehT B & 83
Aw R A i R AL > B3 8 UID 5 it AR g &gk
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oo F]gb o ifﬁﬂ"l“f S BRI RGR SHEY AR Y R P ARR e L in g o R
"fﬁ SRR EATYE UID ch& BhAk § > Ap g ric e AR K o

5 R ”/‘M“f%f‘ﬂﬁ%b’ﬁiﬁm?ﬂ& v AEm T @ - BF T Delete kieskE gk
qE e %‘ﬁiﬂ“l"frf A #‘KF“J“,% Al Delete 2 1> F A5 0 & R F4EF € J]* 2
T B ETE A B AT © AN f Faghe %H“'J",fﬂ‘ PEEET A E AP Ak o
FREFEINTHRESEP L AGEPFOFBEFARIG - 500 AP RS
% 51 TR %112 22 4 (Seqld, DID, UID, Level, ElementType, Value, ChildNo,
Delete) » # # #73 Delete #f - keé4ra 2L 5 FH G RN RS T 4
FEABIE o mEE BRI LT S AR o U 4 DRSIFAE LB R
?X%’H"J“ﬁ% Z % "Darren | &3k B » E!‘H“‘J“,ﬁ%é'z G ELis R TR A Ao 5 ArE o

d A5 TR R ) T RSB § A% 0 F]t Delete ¥ 5 1

% 51 ¢ 7 Delete T2 23l T4 4

Seqld | DID | UID | Level | ElementType Value ChildNo | Delete
1 1 1 1 Root DIVISION 1 0
2 1 2 2 Element TEAM 3 0
3 1 5 3 Element T CITY 1 0
4 1 14 4 Text Los Angeles 0 0
5 1 6 3 Element T NAME 1 0
6 1 17 4 Text Dodgers 0 0
7 1 7 3 Element PLAYER 3 1
8 1 20 4 Element SURNAME 1 1
9 1 59 5 Text Darren 0 1
10 1 21 4 Element G_NAME 1 1
11 1 62 5 Text Hung 0 1
12 1 22 3 Element POSITION 1 1
13 1 65 5 Text Starting Pitcher 0 1

BRI Sk RS A EREEE TSRS - B

Delete ff et 5 2 & > PR ks = flﬂﬁd“']“%f g Bho e Ak 5l FTPF N F
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1= % # #cpr ¥ (Constant Time) ¥ 7 4hor & 4L " chs g -

She

BiE S W OTR AT g e keary Tree chk + 4 & $ic0 &

AR RS AL AT

3.3.3  #73# & Bk(Insert Element)

EHATH & BNt o d PR HE BT SR I keary Tree kot 4 4
foo FATH S BEEE L L A 2 A B ks
HA O BATH TR aE A L TAE B RE e A4E O~ ATH S R4 0 &
HiE R 5 TR B FAIE » § g DID ~ UID ¢ ChildNo = % F 3 » 4 ChildNo ¥
B r GBEFCH77 kBT FR-RHERFE > FBILTC 27 kBT
B RTH) & BEPE AR $ s chds (The T
I 3B~ &8P B A LA AT kT B ARRATH D& B 2 R 3T
¢ o pLpF o 37H & 82 DID T L 43E ~ §8chDID > @ UID 7 3548 2
;¢ child(i, j) =k(-1)+j+l1 + B F > B9 i S &80 UID>j &

ChildNo + 1 % 7= #73 & 2k % #3% » & 8Lc7% ChildNo+1 B3 &8k o

2. FraREs s A eARN k: §APd ChildNo 3R > e > &

BRis g F R SRk A L ATl k o & T AATH 2 & 8heh UID

£

z 1
© o=

R e kary REAGR Y B ERIE > 85 UID 3+ 5 )

F_k

o

SUBE > B H et 2 EATH R T4~ R A XML RS 0 B E
%7158 XML Parser 3|45 % B XML < i £ fie 5 3 4 0 UID » 1222 -

B #7e k-ary Tree °

AN PRTHLATS A ZFEEFR AR LA FATHERL T

PEIER R bt A llice @ $ 2877 FATH & 81538 & k-ary Tree
fod A A AT K G PRI AT 2 R e B R E 5 S e



Mref c 374 ARG XMLAFR A 2 0¥ a2 TR o 50

A2 il - BbrEN R 51 AT 2 fE2 5 Split Method » R #F AL b i IR

334 prigiS 251 { 277 ;2 — Split Method

(DIVISION ) ) #r 4z

k=3
2y DID = Equivalent DID =2 2
T » TEAM
Sy
PLAYER
14 y 22 14 y
Los SURNAME )( G NAME ( SURNAME
Dodgers
Angeles
59 62 y 65 y 41y
Darren Hung S;i?ﬁl;rg Carolina

B 15: 2@ 14 7 TEAM & 2.7 73 - 3 PLAYER ?‘ﬁifﬁm/}{:‘]é—%

BE % R & 0 Split Method & 4 734 & 8:18 » F 3¢ & k-ary Tree g « & i
A2 ko PIEAIE ~ 2 A s H 0 - BATEOSZE A o B TE- BHEIM
% (Equivalent Relation) k 3s 457 B & 2L/ cnff B 14 > 7 4] * DID e L 404 4
keng gL A2 H RT3 855 - BT XML * 2 2 & k-ary Tree » 5 %
TEEM G AR 31 B4 ¢ 274 EQF (Equivalent Forward)#? EQB (Equivalent
Back)d B 5 » B Afr Aa S 0 AEQF 5 A > & S8 A A A Ak eh
FELE AN EQB 5 Av & T S EEA? KHFEEA 25D Ko At TIUE 13
XML%'&I} KPP o a& gL' TEAM | T FATH - ¢ "PLAYER ; # "SURNAME
% TCarolina , P¥ > ¢ #3 &2 "TEAM | 7 e £ ficdgif b+ A L #ick=3>

3§ Split Method » 2 15 ens & 4o B 15 #771 ©

B 15 ¢ A R ghit & 373 2 &2 > d > TSURNAME ; % " Carolina |

e TPLAYER | #& » TTEAM | {41 & b & 8hens 4 #cdgil ko F] 448 » &

23



2L "TEAM | Sg & 2 I - B Eoag., TEY L 23 TTEAM, $8 - &
p o BdE 0 TTEAM | & 8570 DID = 10 4 & 8 ke TTEAM ) & 2L97 4
F1DID =23 > TEAM |22 TTEAM ;& 80 UID & 2 2o %4303 i‘am'—PLAYERJ
SEH QST L A AN kT TEAM & 8 288 DID & 2 Q & 8L 5 2
m UDR &R 425" 2 $:FEQ g2 UIDEHwhz oL 28 Bhx oL
PEEL 50 T B F &8 T SURNAME | &2~ 3 & 8 [ Carolina |

2 UD A% 5 1482 41> a3 8.2 DID™ 5 2

# 6 Split Method ™ &% 31 T AL £

Seqld | DID | UID | Level | ElementType Value ChildNo | Delete | EQF | EQB
1 1 1 1 Root DIVISION 1 0 0 0
2 1 2 2 Element TEAM 3 0 14 0
3 1 5 3 Element T CITY 1 0 0 0
4 1 14 4 Text Los Angeles 0 0 0 0
5 1 6 3 Element T NAME 1 1 0 0
6 1 17 4 Text Dodgers 0 0 0 0
7 1 7 3 Element PLAYER 3 1 0 0
8 1 20 4 Element SURNAME 1 1 0 0
9 1 59 5 Text Darren 0 1 0 0
14 2 2 2 Element TEAM 1 0 0 2
15 2 5 3 Element PLAYER 1 0 0 0
16 2 14 4 Element SURNAME 1 0 0 0
17 2 41 5 Text Carolina 0 0 0 0

d >% Split Method #_& 7 444% » & L7 & 2| S B ¥t S B 5 0 23S M (2
R R E R BREY  Ft AP RR A RS TR BB 2 (Seqld, DID,

7

UID, Level, ElementType, Value, ChildNo, Delete, EQF, EQB) -

$0F B & 2L EQF 2 BQB HAvde e % 5 0 § &8 A% 2 4~ HpF > EQF
g kA B &8 A Seqld 0 @ A 4 &8 A EQB R € & Sk dE » & b

24




Seqld - Split Method T c3% 31 Tt & 4od 6 #f7m o €& 6 7 ¥ 5 ) Seqld = 14
# PTEAM; &85> 2 EQB =2 % 7 ¢ & 2.8 j&_Seqld =2 7 T TEAM | & 24
B kaegpk B s Aips 02 jE _Seqld=2 70 T TEAM | & 82 EQF =14 {# &

A B &R G Seqld = 14 chéb gL o
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L7442 XML 2 242 > AR5 XML EE 2 ¢ > A2 Lorel 2
FEAAHOBEFFRIDEIPFIRETIXML ¥ Fie g o T RP L
7 ;{ﬂg;;. FLit XML < 2 e VR ISR % F’ o M WH A PR (Tee R P

HwmP Ao PR AT SRR o B 16 5 TR FE S o

Function StartQuery (String select, String from, String where){
/Iwhere 1% ¢ d queryPath + queryOperator + queryText f =
queryPath = GetQueryPath(where);
queryOperator = GetQueryOperator(where);

M5 3955 % & queryText E{fj Text &2k
VectornodesSeqld = SelectQueryText(from, queryOperator, queryText);
//$5 4 select ¥# queryPath & i § /& i% 2 ¥ 4p = subPath ¢ &eh 2% & gl

1

2

3

4

5 queryText = GetQueryText(where);

6

7

8

9 elmSelectPattern = GetExternalElement(FindComSubPath(select, queryPath));

10

11 For (1= 0; I < NumberOfNodesSeqld; ){

12 /% & #75 & & queryText e&- 8L 5 F & & queryPath
13 /B~ A% X_queryText i£ % 2_ Text & 2 DID ¢2 UID
14 ResultSet node = SelectNode(nodesSeqld(1));

15 DID =node.getInt("DID");

16 cUID = node.getBigDecimal("UID");

17 /1% & & ga UID %45 1 8 < & gL UID

18 pUID = (cUID-2)/MaxBranch + 1;

19 I/ 4ot & ®_F % &_queryPath

20 PathCheck(DID, pUID, queryPath, elmSelectPattern);
21 [++;

22 }

23 4

_i;ﬁf’r ‘}’}:ﬁ"zauafﬁﬂ l:“ Jugig"]‘?]%%’k%])\mSQLllke ,{j_%ﬁ?]l_k]»’

4o@ 17 %«v BIATTT o 38 1T F AR R P 0k SUM-EL TR & 15 2 P ¢h Select ~ From £

26



Where i&= #84 ek i FoR 245 0 ok > @ g2 BIMA AT L R A AT L

Select SEASON.LEAGUE.DIVISION. TEAM.PLAYER
From SourceUID
Where SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G NAME = ‘Darren’

?] 17 ’Fﬁ?l'd— l"?“?f}lj

® Seclect : FrHiE S k& BEF N o

# 5] ¢ e Select B i7 i ¢ T SEASON.LEAGUE.DIVISION.TEAM.PLAYER |
%77 & $+4 1) PLAYER & 0§ 300 2 ¢ PLAYER & 8k j & 8 SEASON iz
jLig 51 LEAGUE % & 23] - B 16 FHMEFFE 2 ¢ 0% 9 (7 RanPE
Mk e BEF 2% T elmSelectPattern ¢ B gl o FiS FRTE L HPE S
FRAFEY LF 3 QREPE DS AR RS FESERT R A
DA gz Seqld B AT ko Al A4 XML B % o

dOREERT R FGPE OSBRI LE ¢ IR A Where il T iE 2
T )t > 7 8 Select ¥2 Where B BT IE R P P I k£ BT 0 T ALH
PECPINNE RS R Y HGPE DS P Y AR T kK X R EERE S
Select &% ;T i% 2 T SEASON.LEAGUE.DIVISION.TEAM.PLAYER | > %] » %
‘b 2Reé 8L TPLAYER | % 20#%iF ché& 8L o
® From : jEURiE & 31 Fa ¥ &i7 FlleH -

From if i# ¢ 3 SoureUID > ¥ % £ & 8 XML #h &k $H R 51 T £ o F)pb

TR E pF 2 2 3] SourceUID i (7 BL /T i 1L 3T W o SR IOF kit o
® Where : BTt & 5 o

Where & % i 12 2 d §& /2 i% 2 (queryPath) ~ i& ¥ =~ (queryOperator)¥? ¥ % %

2 @ (queryText)= B0 A #f = o B 17 chfg R i 2 5 6] 0 B P T e & 1%

(= S~
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"SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G_NAME = ‘Darren’ |

v

, . e _ Lo s v A T A Y
Y s FE AL T= 0 iEREL TDarren ) @ BJTIER G

Z]
"SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G_NAME | -

JE_b it Select~From £ Where = i i2 ¥ 2]45 41 & éhF 18> L 4% Where
EE Y gnE 4 i 2 5 From £ # 0 SourcdUID B~ 11 i% K 36 % 15 1 & b
T HFLBRFLIEBERERRE BRLEEREL By F I TR IRE
EE o B IRL E B E Ao 16 fron 0 H P % 20 {7 PathCheck(DID, pUID,
queryPath, elmSelectPattern) i* % (hg L 5872 F & 82 F K GBS R G o H
RSS2 ¥ % 0 7 A % Simple Path Query £2 General Path Query & #§ » % 7

$HED S R WL D

% - & [ % B/t % (Simple Path Query)
PR R BT R Y H T U - B REOR R RGBS B RER B
1‘%’_‘:‘ BFNGFEIEY - BEI e AR T AET A FHFE L HmiPF (Exact

Search)¥z i1 i1 # % (Proximate Search) °

k!

® HAHFEIFEBOTHEAREFEERDP L BEFE LA

"SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G_NAME = ‘Darren’ | *

AR BRAOEFLF S TDarren ) 4 ¥ # S8ITH & EE o

O TIWIEHF KREBEEERTNRINFEEY TR LBREKREIER RS

e g AL TLIKE - ki 2 R ENMIN2 3 B g X 7 A 2 =
A

B IR ER R UUBEFFELE%ER T o A

"SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G_NAME LIKE
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‘%John%’ | °
[ ] ﬂ=ﬁ_"’;‘\ ':': s 1 7%‘?/7_; /‘L/ﬁ%%\ﬂ‘ el
"SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G NAME LIKE
‘John%’ | -
B DR F R NU%EFIFLELRT o 4o
"SEASON.LEAGUE.DIVISION.TEAM.PLAYER.G NAME LIKE
‘%John’ o
= & — 4§25 ¥ % (General Path Query)

#1785 % 3 % (Wild Cards) 22 ¥ 2 % 7 ;% (Regular

h ’
5
?sﬁ‘;
RN
pus

Expressions) » F]pt A gL 0% it chfg & vt Simple Path Query % &3 + o #4307
AL APEF T T% BT # g o B P 1% ehR £4cF Simple Path Query
SRTIAEE > RN EF A A a8kt > 4o 13 ¢ ch& B PLAYER T 5 2 B
+ -8 % SURNAME 2 G NAME > § BjSig 2 ™ & B & 2 5 %NAME pF > B
SURNAME £ G_NAME ¢ g At g (FRIVv 4o @ ¥ - B 50 T# ) Bl &
TR BEEEL P FVEE0OB N e g Ey - BEETH ) B
PR Y F A s v BRSO RT e e iR R R
"SEASON.#.PLAYER.G_NAME | A % 77 j& & 8. T SEASON | B 45> % g ¢ B/

WA BEE RS EIES S TPLAYERG NAME | % i it o

I FARAT S AR iFT Optional Node — ' (.node)? | #h# 5 » % 7 B
W AR 0 & 1 e Tnode | HoE o BB kR o FELEE
" PLAYER(NAME)?.G_ NAME | » R|i& 7. 24k % PF > ' %4 B &
"PLAYER.NAME.G NAME | & "PLAYER.G NAME | £ %% Lt o & 5%
#T#,-T% 2 T(node)? | = #87 it 2 7% B i P o
® TH lFEE4cH 18 HiF o
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IF (pathNodeElement = "#" ){
// B~ queryPath * wildcard # 7 Element & 2k 3t
nodeElementBfWildCard = GetElementBfWildCard(queryPath);

//%:# DID & UID %4 8 R &8 F 0 > 2 ¥R & g WildCard #
e BEFE AR e pF L Rk §8 o0 PathCheck
While (nodeValue != nodeElementBfWildCard){
IF (nodeValue= elmSelectPattern){ //*|%78_F % irdv:iE ch& 2k
//% matchedEleSeqld # ;2 ) 35.:F node Seqld
/1] #- nodeSeqlId 4 » matchedEleSeqld
IF (!CheckContain(matchedEleSeqld, nodeSeqld))
matchedEleSeqld.addElement(nodeSeqld);
J
pUID = (UID-2)/MaxBranch + 1;
ResultSet node = SelectNode(DID, pUID);
nodeSeqld = node.getBigDecimal("seqld");
nodeValue =node.getString("value");
}
subPath = GetSubQueryPathBfWildCard(queryPath);
PathCheck(DID, pUID, subPath, elmtPattern);

B 18 : WildCardOperation("#") B /S+ & % & 2
FR e s 2 5 TSEASON.LEAGUE#.G NAME ;& & & (7RS¥ 7 I p
wend g s T# ) P LR Y 3 2w g 82 nodeElementBfWildCard 3z 45
ZoFBFRTEF ATV HE PRSI F A OE g LRk
SRS T e AR T R AT IEE o L R X S EEF S AR 0 F 3 IR

PE S ELPF > PR - Bhen Seqld 4k o it BT IER A S 0 0T L

BT 1B TH ) e B
|, Bieie FR A M J BRI AR Es UID @ad ¢ &8s
G NAME > j& /@ i 4 ¥ B oh 3en& 2pg® 5 G NAME o % Rp 7 5 i
s - ks TSEASON.LEAGUE# | +* %} o

2. M EE T# > ptpF nodeElementBfWildCard 3% 3 LEAGUE - & %4 &

2. G NAME 2. UID /. + & X &8:4a ¥ > & 3| & 85 LEAGUE 1 -
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3. #%¥ £ & LEAGUE &7 { } K it/ SEASON.LEAGUE | +* #t -

® "% |t iFE 24c® 19 #7157 o

IF (percentOccur){
IF (percentAtHead) {
//WildCard % 3! 35. &+ Element YL 4r%NAME%
pathNodeElement = RemovePercentAtHead(pathNodeElement);
IF (pathNodeElement End With percent) {
pathNodeElement = RemovePercentAtTail(pathNodeElement);
IF (nodeValue Contains Substring pathNodeElement) {
Mg+ & BE T AL S R T iE e i R - KR B EET
N R
pUID = (UID-2)/MaxBranch + 1;
subPath = GetSubQueryPath(queryPath);
PathCheck(DID, pUID, subPath, elmtPattern);
}
+ ELSE IF (nodeValue Ends With Substring pathNodeElement) {
//WildCard % 3! 35. &+ Element o 4r%NAME
/P & BT AL R KRS E Rl i v g b - R R S ERE
[RAR: R
pUID = (UID-2)/MaxBranch + 1;
subPath = GetSubQueryPath(queryPath);
PathCheck(DID, pUID, subPath, elmtPattern);
}
} ELSE {
//WildCard %! 35, & Element & > 4= NAME%
pathNodeElement = SubStringRemoveWildCard(pathNodeElement);
I[F (nodeValue Begins With pathNodeElement) {
//p A & BEE LS LB iE Rl e vl b - R E AT
7 8
pUID = (UID-2)/MaxBranch + 1;
subPath = GetSubQueryPath(queryPath);
PathCheck(DID, pUID, subPath, elmtPattern);

B 19 : WildCardOperation("%") ¥./iite & 7 & i*
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Bt b Wi AR o FRLIEE Y S BN BEL % o R F AR
AT AR AT BT 0 ] MR - R ORI R B b
T 0 B JZif i % 3 TDIVISION.PLAYER.%NAME | R B 438 {7 Ba 0t 44 P% > o
BEHEFEEOUD # ol &85 G NAME - 3% & 878 % ¢ NAME % & o

Flpt ok BRI R F M e 7 - & B 2 T DIVISION.PLAYER | * 4 -

® (node)? : iF & 4R 20 #7157 o

IF (questionMarkOccur){ /14 38, Optional ;% J1a(.b)?.c
IR X R = R A
subPath = GetPathContainOptionalNode(queryPath);
PathCheck(DID, pUID ,subPath, elmtPattern); //Optional & 2t5 1 3
subPath = GetPathNotContainOptionNode(queryPath);
PathCheck(DID, pUID, subPath, elmtPattern); //Optional & 8L IR

B 20 : OptionalNodeOperation( ) ¥ i<t & /% 5 i*
% Optional Node =% 2 I P » B2 S 0% % -4 =0 ¢ 7 Optional Node £ % ¢

Optional Node s m e 7 F — K it 4 o Bolm 3 0 BRRBLTIE

Ny

% T DIVISION.PLAYER(NAME)?.G NAME > % 1* %7 &8 G NAME p& » %
FLEL S i % @ 413 Optional Node — "NAME o J P& > B S if 2 ¥ 5 & a3

- {%§%j% % & % Optional Node » 7 T DIVISION.PLAYER.NAME.G NAME |

» ¥ - ER|F > 7 T DIVISION.PLAYER.G NAME |- &% £ 1 i&7 R i if 2

/

B ] TR
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PAEKRGIFBRIEERRZ P OIS g AR A2 4 5iE % 5]

*’E%

READNBEIREFFEEDY FEE-BFHEF BRUFE DY 3 H B TR

R RS PR A 2 BiEER o SN f B R R B RS

%

\_
s

;i: 3
YA A TR LT - K ERSE R A - B 22 R RS

‘+N
T

W HFE 2L LA &7k 2 Simple Path Query 22 General Path Query T #1%

fakim o F g * F (% #HE F R AT 3 ((node)?) e AS I IEE > R € 3%

P HRIE o Aol P 14 7 EASEE Y F A TH ) IR

B 22 i B i 7 454 Split Method ™ #7 * ck 31 TS HEM K3 F &
T RAOTASHE 0 R % 8 {7 s FindSplitedNode( ) a#c#} “,’f. e
¥ o FindSplitedNode( ) & #ic €_te & BLA B it j ™ » i (TRSIE 2 B PF 0 538
$HEM Y HEQB A NARKE > 2 FBATREE > i m BFH QHBET L

oo WROFH 2 A0B 21 AT o

EQB =node.getBigDecimal("EQB");
//EQB 2 5 0 4 77 p & 8L 5 "2 5" 4 k ené gl > Fpt 2 516 EQB 35 4
3§ i g
While (EQB !=0){
nodeSeqld = EQB;
ResultSet node = SelectSeqld(EQB);
DID = node.getInt("DID");
EQB = node. getBigDecimal("EQB");

Bl 21 : FindSplitedNode( ) 4 4 & gLi&% 5 & 2
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Vector matchedElmtSeqld;
Function PathCheck (int DID, long UID, String queryPath, String elmSelectPattern){
/{35 DID ¢ UID 35 2 # & ¢ Element & 21
ResultSet node = SelectNode(DID, UID);
/1345 ) & Element & gk ¢ B~ H sequence Id 22 & gL 3
nodeSeqld = node.getBigDecimal("seqld");
nodeValue =node.getString("value");
FindSplitedNode(); //#% 7 B 21 &g & i
9 /1€ queryPath @ d ob f & B3 49380 & R 0 & BLFE A 02 0 SR (TR T 4
10 IF (queryP ath Is Not To Root){ //queryPath :2& gL & & 5|42 & gt

o e Y T S R S

11 /13~ 18 queryPath g ¢b 3% & 2L 7 2

12 pathNodeElement = GetExternalElement(queryPath);

13 IF (pathNodeElement == "#"){

14 WildCardOperation("#"); //#4 7 B 18 e & i3

15 }

16 IF (percentOccur){

17 WildCardOperation("%"); //# 7 B 19 &% & 2

18 } ELSE {

19 //Element & gt & 1! 31 Wild Card % » R 12 Original &3 N8 (7 g% /2 6% 2L 4
20 IF (pathNodeElement == nodeValue){

21 Mg % G FAL R E BT p s i b - B SEETE R
22 IF (nodeValue= elmSelectPattern){ /) %7 8 F % g iE ch & 8t

23 CheckAddNodeSeqldOrNot( matchedEleSeqld, nodeSeqld);

24 }

25 pUID = (UID-2)/MaxBranch + 1;

26 IF (questionMarkOccur){ /141 35, Optional Node ;% » 4 a(.b)?.c

27 OptionalNodeOperation( );  //# 7 B 20 sux & 2

28 } ELSE {

29 subPath = GetSubQueryPath (queryPath);

30 PathCheck(DID, pUID, subPath, elmSelectPattern);

31 )

32 }ELSE { /i@ &g Fol 2 %30 p 5 S8 F o o Rl & 7 B E 2 R R
33 pathMatch = 0; //queryPath Not Match!!

34 }

35 )

36} ELSE { // queryPath & 23] 7 2 & g8t

37 IF (pathNodeElement = = nodeValue) {

38 IF (nodeValue= = elmSelectPattern){ /) %7 8 F 5 pr e iE ch & 8t
39 CheckAddNodeSeqldOrNot(matchedEleSeqld, nodeSeqld);
40 )

41 pathMatch = 1; //queryPath Match!!

42 )

43 ELSE

44 pathMatch = 0; //queryPath Not Match!!

45

46 }




S XML %
ﬁ_x/{ u}:]-l- L -bi—m_@%i\:’ ) 1\. ]Fﬁ;t}_',_f_,. L‘ﬁfz,{:’_l,* ]_{E E’Lié » :f:‘]z ;}_ 355 s ETI%\

Seqld 324+ % » &5 £ BiBM 24 h XML i g B2 3 TR 47 e

=,

mfﬁuXMLeﬁﬁﬁﬁmogiﬁiﬁﬁﬁéﬁTiﬁﬂXML%?%*’
¥ JR #-B 24 ¥ 1 FindSplitNode( )3 #c | i F| p e FindSplitNode( ) & #c
S A B AR r R S B NS SR R B EHEM 7 o
EQF ¥ 35 5| A %] chi 2k m%ﬁAWuXML% > FindSplitNode( ) s &

2 AcB] 23 #rom oo

EQF =node.getBigDecimal("EQF");
//EQF % 5 0 % 77t &85 "&» B"eha gk > 5]yt 7 3538 EQF 35 41 d
P IEIETE T ﬁ%i%@fm+w+;+ d
While (EQF !=0){
ResultSet node = SelectSeqld(EQF);
DID = node.getInt("DID"); //4 2] 41 % en&- 8L DID £2 o & 7 [
childNo = node.getInt("childrenno");
EQF =node.getBigDecimal("EQF");
sOut = getChildData(sOut, DID, pUID, treeLevel++, childNo);

B 23 : FindSplitNode( ) 4 % &z & 8Libx 7 5 ;2
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Function produceXML(VectormatchedEleSeqld){
String sOut = "<?xml version=\"1.0\" encoding=\"BIG5\"7>;
SOut +=" <QueryResults>";

treeLevel = 1;

Mgr g m cn& Bhig B Bl - - B8 FHEH I &gl 23045 0
For (I=0; 1< NumberOfMatchedEleSeqld; I++ ){

ResultSet node = SelectNode(matchedEleSeqld([l]);

DID = node.getInt("DID");

UID = node.getBigDecimal("UID");

nodeValue = node.getString("value");

childNo = node.getInt("childrenno");

sOut += "<" + nodeValue + ">";

sOut = getChildData(sOut, DID, UID, treeLevel++, childNo);

FindSplitNode();

sOut += "</"+ value+ ">";

}

sOut += "</QueryResults>";

Function getChildData(String sOut, int DID, long pUID, int treeLevel, int childNo){

levelNow = treeLevel;

For (1= 1;1<= childNo; [++){
childUID = MaxBranch*(pUID-1) + 1 +1;
ResultSet node = SelectNode(DID, childUID);
elementType =node.getString("elementType");
nodeValue =node.getString("value");

childrenno = node.getInt("childrenno");

IF (elementType= "TextNode"){
sOut += nodeValue;
} ELSE {
sOut += "<"+ nodeValue + ">";
sOut = getChildData(sOut, DID, childUID, levelNow++, childrenno);
FindSplitNode();
sOut += "</"+ nodeValue + ">";

}

return sOut;




A st A B ENXML I 2 & AT B D e N 2

FPFE TR EEE LT 5 - P A AHFIF2L b 52 WP IERG R {
RO e SR § 2 R AAHE R Y 2 BHE N B R 5] (AT e

TR
o H B SR
A~ B - £ Web-based e XML #2 s 5> &g *

%5 A E %

HXML ¥ EREFREA T A 5 B

VI A e x L - - SR G Y

4%'254@&}1"4;_1&:;:11?1 ’TI,ZXMLQ] {F“:r é%oﬂ l‘fu l\i‘kfgl 25 ’1”‘?’:]1’

Bl¥ e 3 Rsd 7 R % & 8~ SQL-like sB (210 & 1F 12 o & Steh XML F 42

KR i 1998 & £ R~ FHR & RIRIFAFH > B3P £ 5 26 Bk & L R

3 21 £ b ensk B oo XML F AL 53 DOM Tree 247

27 B A A AHckE23 55 13682 B~ & H B 12918 B F B R E X

2 5 DOM Tree 13 B

tepd #8Fe % 5 Intel Celeron 600 9 CPU > zelgf8 7 F 5 256MB ; T % % 3L3

%
P

Microsoft Windows 2000 Server » & * Java 2 SDK Standard Edition v.1.3.1 ¥ & #&
W EHLE -
¥ @7 FESRIE XML ¢ 445 i3k | TPLAYER | ¢h T GIVEN NAME |

& TSURNAME | ¢ #1s2 NJohn , BEg ek f T8 > & R & 3k B o

"GIVEN_NAME | £ TSURNAME | # %3 f*
8 i

SEET 3 EE A LR
 "TNAME , &84 %3 B 9 TGIVEN NAME | ## TSURNAME - 4

_{_.,1 i;{ﬁ*ﬂéﬁm‘_&,i T]'iﬁ Efam‘_k,a Hjﬁdﬁqéﬁg‘_h > ?K)ﬂ‘jﬁa‘g,,{__,’_%ﬁjz,.;,i TR o)

"SEASON.#.PLAYER(NAME)?.%NAME LIKE 'John%' ; % 7= - B 26 -~ B 27

SR 28 LY EEE > Bl 26 ¢ TPLAYER.SURNAME ; % "Johnson | -
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B 27 * TPLAYER.SURNAME ; i [ Johnstone ;" PLAYER.GIVEN NAME
% "John ;> @ B 28 ¢ 2. "PLAYERNAME.SURNAME ; % T Johnson - ¢ i%

ZRHRATHETANRE ST G RS LE AR E S | T APED R

| BEE® WEE WiRe BWRERW TAD BEE [ =]

|*b-E->-00 | Qs GrneE Fnx |B-22 -5
|#EPE D) €] hitp:/140.112.80.71:8080/exa mples/project/UIDBESpLUK 21 htm ~| o= =

[~

XML Document Search(Split)

SELECT SEASOM.LEACUE.DIVISION. TEAM. FLAYER o]
FROM UIDBESplitK23
WHERE SEASOM.#.FLAYER( .MNAME)? . %NAME LIKE 'John%'

patRigE | W |

| - |
4

|@ 1ETERABS =1 hitp:4'140,1 13.89.?1:8080.-"9):3mplesa"servlet-’genXMLQuer;|i ’_ [ofe ST intranet

B 25: 431 o B

LEAGUE.DIVISI - Microsoft Internet Explorer

Bt - lslxi

| EEE SN WE0) BRRE TRM MEWD = |
N - JE - -T e T e e

m.t{D}I&]:‘.‘.'fl':ﬁ'l-(:[:ﬂ]ﬁl"}\'(]k{f'ﬁn\'ll]'_U]HWEI]iliiirfﬁi.‘_@ﬂh'.l.I'ZA('nU[:.Tnff'i.l'|.:\YE'}I':?-\'§:.N:\Mﬁ'l-i&'—'b'il"_'f-" NAME + L IFKE+%27]ckn 2527 8&Sub FBE ""'|:'TnAl'-'.'LI!'."|'_f:E'.lL{ﬂ cBE g

<?xml version="1.0" encoding="BIG5" 7>
<QueryResults>
+ <PLAYER=
+ <PLAYER>
+ <PLAYER>
-| <PLAYER>
<SURNAME=>Johnson</SURNAME=>
<GIVEN_NAME>Randy</GIVEN_NAME=>
<THROWS>Left</THROWS>
<POSITION >Starting Pitcher</POSITION>
<WINS>10</WINS>
<LOSSES>1</LOSSES>
<SAVES>0</SAVES>
<GAMES>11</GAMES>
<GAMES_STARTED=>11</GAMES_STARTED=>
<COMPLETE_GAMES=>4</COMPLETE_GAMES >
<SHUT_OUTS=>4</SHUT_OUTS> =
<ERA>1.28</ERA>
<INNINGS>84.1</INNINGS>
<HOME RUNS=>57</HOME RUNS>
<RUNS>4</RUNS>
<EARMNED_RUNS=>12</EARNED_RUNS>
<HIT_BATTER>12</HIT_BATTER>
<WILD_PITCHES>3</WILD_PITCHES=>
<BALK=>0</BALK>
<WALKED BATTER>0</WALKED BATTER>
<STRUCK_OUT _BATTER>26</STRUCK_OUT BATTER=>
</PLAYER>
+ <PLAYER> =l
(3] (PSR intranat

B 26 & % % -
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| EE B #Ew RHERe TAD RYW
|*r—E~-~-00d Ans SpnhE Ok LSS
| |4k @) [ LAYER%ODROAFROM+ %0D%0AWHERE+SEASON LEAGUE. %23 FLAYER %25 NAME £29%3F. 2SNAME +L IRE+%27loh bimat=0 B4 %70 HEAM ] SHE | g

1 Interset Explores 15| %!

<?xml version="1.0" encoding="BIG5" ?>
- <QueryResults>

+ <PLAYER>

+ <PLAYER>

+ <PLAYER>

+ <PLAYER=>

+ <PLAYER>

|- <PLAYER>
<SURNAME=>Johnstone</SURNAME >
<GIVEN_NAME>John</GIVEN_NAME>
<THROWS />
<POSITION>Relief Pitcher</POSITION>
<WINS>6</WINS>
<LOSSES>5</LOSSES>
<SAVES>0</SAVES>
<GAMES>70</GAMES>
<GAMES_STARTED=>0</GAMES_STARTED=> L
<COMPLETE_GAMES>0</COMPLETE_GAMES>
<SHUT OUTS=>0</SHUT OUTS>
<ERA>3.07</ERA>
<INNINGS>88</INNINGS>
<HOME_RUNS>72</HOME_RUNS>
<RUNS>10</RUNS>
<EARNED RUNS>32</EARNED RUNS=>
<HIT_BATTER>30</HIT_BATTER>
<WILD_PITCHES>1</WILD_PITCHES>
<BALK>4</BALK>
<WALKED_BATTER>0</WALKED_BATTER>
<STRUCK_OUT BATTER>38</STRUCK OUT BATTER=> =l

e ervletfge N LEAGUE.D of Inte o =T
| BEE® #WME BRO BMERQ IRD BRQ [ = |
| S E—E -7 -0 4 DR Gpnie M | S-S -
|| #8EE [8) LA YER£OD%OAFROM« RADAOAWHERE+SEASON. LEAGUE. %23 PLAYER %25 HAN 3F. %2SHAMELIKE+ %210k 25 %278 ub nina%BELTDHANLRTHEAM =| SEE | kg >

<?xml version="1.0" encoding="BIG5" ?>

<QueryResults>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER >

<PLAYER >

<PLAYER >

<PLAYER >

<PLAYER >

<PLAYER >

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

<PLAYER>

- <NAME=>

<SURNAME>Johnson</SURNAME>
<GIVEN_NAME>Darren</GIVEN_NAME>

</NAME>
<POSITION>Catcher</POSITION>
<GAMES>11</GAMES>
<GAMES_STARTED>11</GAMES_STARTED>
<AT_BATS>25</AT_BATS> ~l

T P e

l+ + + + +++++ ++++++ + + +

B 28: kg B%=
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PRSI EET hR e A v 02 Split Method T T * ek 31

o A& Eypzr 3l 7 BT % (Index Size Cost) ~ & 31 § #7FF i & % (Update Time
(3 F [ Y

Cost)¥? ¥ z p& 7 (Retrieval Time Cost)= i % R| k=% 1t i JF‘{ HPT Ry o 3T

=
R ek 31 4% Split Method ™ &% 31 3 4% » 5 1 4 w2 UID ## UIDSplit 4

2o e IUTE RGRP e AR .

M
N+> A, &7 4 e
i=1

UID
M
=>(N+Y A )*S

i=1

M
N+Y A +M F &g
i=1

UIDSplit
M

=>(N+) A, +M’) * (S+E)
i=1

ARSI ZF2TF 0 AP » TAE LR L keary Tree 42 11 % 4 4
Bk OB TS o BB A RAE I EHRET O N EF RN M
TFREF2 Mg bt Ao Y B4 S BEE L Avi=1~Me
AoRdee E T A E B : N k¥R 40T 4L % H(Seqld, DID, UID, Level,
ElementType, Value, ChildNo, Delete) » 2 i 2 & & B & 8oribenT B 5 S 1

AP dE 12 Split Method T ¢hF ifii‘.’%ﬁ(Squd, DID, UID, Level, ElementType,
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Value, ChildNo, Delete, EQF, EQB) » % i & Bhikchy B § 10 Rdpcnfofl 245 5
'ECE R R AHEM Gz B0 HEM G E & (EQF, EQB)® F st
A o T s Split Method T & BL% o] 5 S+E o ffo i 321t 0 5 A = % %

e 20t ot 7 o o

AT R R E R B 4o r - TR R 5 £ & RATH o,

M
»RASFARY o FR o e MAFHIEE G N+D) A, B a8 HRazs3l T/

M
T 5 (N+D A, )*Se % Split Method & » & = 4¢ » FLPF > 7% E_-RTH] chsh gL

i=1
Flde r RASTHY > 24 r M X FHRBERFEL M (M<M)dz s d =+ A 4 i k

—

B RRT AR TSR A A M BRI S T e r MR

M
s £ N+ZA +M B BRI ZETEINAY A M) *(STE) -

i=1 i=1

A
p
pINS
LS K}
P!
She
4
o3
ki
TmR
N
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UID M i
D Traverse(N+ > A))
i=1 i=1
A3 M=t e » e gh T
UIDSplit

M
ZTraverse(Ai) 2 i=1~-M

i=1

ATR TR PSR O AT RAseh™ 2 2 A%+ Split Method 2 &2

S NR Re B ERATH TR RS TR S EATE L R TR A
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SEFFHUEATZRAATTEALFRRI TR LS BAXIL S 23 o 1

C“

bk

BB UID A 4§ F A3 BABR S gk UID chd g - 5t > 2

-
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R S AT A B AR R BT o R R R LS B e
M=EFRFEF2 MBS Lo B F=04h & BT L Apri=1~
Mo &8 R4een™ 2 0 - L3E > Tkl 2k~ & L BAZiB k BF > A5 B k-ary Tree
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B £ X B S BS K O RN R S BE - A

ZlogT 2P TEZEEM=4e» 88 F4 MARiEh L L £

2. RAEZE AT R LELIEE

F¥- BB ZERENSE ZERAGSLET TR NBITEER -
5T kd & gHDIDE UID P 58> 250 1 @50 d &g
2 ¥ DID & UID » p* HF 413 chfe 5 ¥ fice 535 N E QR & 82
UID # > % ER G log T BRI £ BIHEFEEE - K
KERZEE L RS Lo B DRBICIER? hF B E g g apr oy 5
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