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Abstract We propose XIR-Branching, a novel method for processing partial match queries on
heterogeneous XML documents using information retrieval(IR) techniques and novel instance join
techniques. A partial match query is defined as the one having the descendent-or-self axis "//" in its
path expression. In its general form, a partial match query has branch predicates forming branching
paths. The objective of XIR-Branching is to efficiently support this type of queries for large-scale
documents of heterogeneous schemas. XIR-Branching has its basis on the conventional schema-level
methods using relational tables(e.g., XRel, XParent, XIR-Linear[21]) and significantly improves their
efficiency and scalability using two techniques: an inverted index technique and a novel prefix match
join. The former supports linear path expressions as the method used in XIR-Linear[21]. The latter
supports branching path expressions, and allows for finding the result nodes more efficiently than
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containment joins used in the conventional methods. XIR-Linear shows the efficiency for linear path
expressions, but does not handle branching path expressions, However, we have to handle branching
path expressions for querying more in detail and general. The paper presents a novel method for
handling branching path expressions. XIR-Branching reduces a candidate set for a query as a
schema-level method and then, efficiently finds a final result set by using a novel prefix match join
as an instance-level method. We compare the efficiency and scalability of XIR-Branching with those
of XRel and XParent using XML documents crawled from the Internet. The results show that
XIR-Branching is more efficient than both XRel and XParent by several orders of magnitude for linear
path expressions, and by several factors for branching path expressions.
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7 HAeo HRE uFoR AxHA2-uy Ho AHIYE
FYP&he WHDS AMSIAY, 7)€ AF{15ME
22— ZFRGE AESte Fo] a2k et
SNZE, AA7AEY AT Fo] 27wl JRE AME-
e W A2E2-wd FRokg AMse e
Hn g Azt obA ARMEA] FAUI T Fof ) A
o] Hel &gof w3 HH vinE Y= FAE
HE(metric)7} BR3}2E oo &3 vluw A4 =
g d7E gk

e o (

1=

Ad2E 742 Holistic Twig Join(19)e] &¥-& o] #ix
(Structural Join) *B97e] A% v HEE 5 14 vl 28

FHH &L
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AR EE AHgSE 718 dFEEE XQuery/IR
[16], Keyword Search on XML-QL[17], XRANK[18],
Mixed Modef19] &°] Sith o AGYAEL UXEA-
Al Hxol YAdd = XQuery/IR[16]3 XRANK
[18]& XML &A1 Wo] EA5k= Fh(value)Eol A=
i, XML-QL 714= Z4171% Mixed Mode[19]%

E B9 ol =E5(& element$} attribute) S A
A8tk FE58 AL, e o 992z Agdn &
Agx o] WHES B =8 Agele wyn 2
Hog dard. Agste gL Ado-gu gul
label paths©)] tiste] 9 Q925 Y4}

3.2 A7|0kay 2y

27)vh-Ed PHe FHolB HE2Fo] ojrjd ojg
AZE ezt e, B8 249 QdAE Agdhs
WH2031)3 BAY BlolE-g AHLdtle Iile-glez
TR Axe A, HolE ARELS A oA
1 BE AHEEHE Al BHom AL 39
%, 4 We BEE gHolB A2E0] A Ay o)A
o) 474]33 DBMS &|o)&e] Adrhs abolr} siok

Index Fabric[20]2 593 £39 QdAXE Abgs)
= 27nl-gd @y Fol B9 otk Index
Fabric2 ZoelA wldslA 2Adte 28 oA
HAEE dolB HAREH FES Jd=YEr] HsiA
slEg]Alo} Ef}o)(Patricia trie)E AMEdTh 2,
Index Fabric® 2 i3 g XA gk =
3, o)A BAAMe) gao) vy &3EQ), BPEZ
AYEEE ARJAER] FYh. WA, o] He 7
T o]d gHelA AHE3lY) ojHTe gde] Uk 1Y
22, o] Holxs FAY HolEg olgale 27n-4)
i age) 28 241S wEo)

XRell61#  XParent[7.8]% XIR-Branching 3¢
7128 AFste, #AE "olB g Algals 27|vl-4)
4 PHE 7bed diEAH F 71x oz B Al
A ozt S ddsith o, ddE dEAHE
= mE(nodeltte EolE AMEETL o3 XL 21
A9 XML #A 297 23389 XML e feelA
eg ZES AR T 9uiE A

3.2.1 XRel

XRelolM, XML Egle] #& HHE oS3 2o i
MY eojgo] Agd

Path(label_path_id, label_path)

Element(document_id, label_path_id, start_position,

end_position, sibling_order)
label_path_id,
end_position, value)

Text(document_id, start_position,

Attribute(document_id, label_path_id, start_position,

d o] EpH] o] =

A 32 A A 4 ZQ0058

end_position, value)

Path Hol&EE EAF o s EZE ol A=

&3 159 A¥EAEL AAF) Element HojE
=EE, & dYESYd g HEE A o
A, 2 wEo] Y FRE I =52 TP Ye B
A9 Az, 2 =xofH E28HE ol Az Ay
7L g EA bl e 1 k29 AFE £ YR o
& SAMl(offset) &, *==9 FAl(sibling)E 7120

=29 &¥(order) o2 FAYD AR ¢ixiet
AR 2L == AYAES gAlsly =8 783
A TR 9% AR ALEET Text HolE2L
=22 grEed gk ARE AR AN, value B
% E—‘li‘-E #EE AP} Attribute EHlo)EL value
E Z %A dEARE ol AZaE R
gHol&y Zu) olg F EHolBd HrE:

T4 1 wrf’% 3}1%-4 HeolEo A3dd $T ok

XRel® LPES} BPEE H2s}7) 93t = 74 )
& AP aRe 259 vlAstring match) S
X5 #A =Acontainment join) ©)tr. HAE A7)
u-#Hw We) £33 LPEE A7) st A&

i

-

th FAe dzda-gwe] £33 BPEE A8y
$ate] ApgErt
LPES] 79, XRel2 Path ®HjolEolx Heolo) A=z

X4 wHAsE gold ZRES WA Feoh o),
j#H A7)l #3(matching)S SQLS 2EF w3
4391 LIKE S4AE AM83d gol® Azdle
B-tree 929} e AYAE AT ¢ gtk ol
AZE #Hols AR dig] B nFHE 43 us
A2 eyt FoJA7] Woltk 12BE LPE A9
22 E Y8 Path go]E U9 /\l‘_ Eﬂol‘:‘ BAEES
25 glojol ok A3 =54 1 918, XRele
Element o] 9] label_path_id @@% b,
Aol AZEH fFse ==2E5S Z2Ustd FF =
ZE9 S Fov, ojAE == HA¥(node set) ©
g} B2t} XIR-BranchingdAe o] =& Fgo] k&
A2 AR node path set) 22 RHAT}

BPES] 7%, £ =FdMe 2380 Ry Ao
HElE o] gk XRel2 WA, dhvtel BPEE o# 7)
o] LPEEZ £¥3%} 4 LPE: #E =2 3y 2
718z =E=717]9] LPES} £E =22 By g k=
74Xl LPEEZ TA8:. A9F 59|, BPE /L=
vaVlrg 98 AN LPE /1, /115 /e B9
o} olsf, 2t LPE®]| tiglA, XRel2 oM M= A
o 22 WYPo= [PEZ %Y AL wxs9 S
e o)Re == FfHnode sep)olEt FEr) 1)
2, A 2HE UEse =282 1 = Jge &



ZPHPL fH 20S

=

At} olF &Y '}E ==, /A e oF
LPEZ FE d& == I3} 92 ==2(dF &
A/, /1) A n"]'-‘ LPEE i—rEi e == %
e mlusth em, $¢ LPEER #H &
=8 7k, AAe] == A% Wil »l% =89
¢o] HE =EEE T oA =EEY A ¢
X9} 28 A vwsle 0-joine® 7Y ¥XF
A 2N containment join)& A48t g ET}
AA 1. A8 23 & BPEE AZs) B4
Q2:: //article[./keyword=""XML"}//author[./last
=""Curry"]/first
¥ 4& BPE Q29 9 Hug RAFTL o)A
E, 983 2o gAY LPEEel AAXdEd (1)
article, (2) //article/keyword, (3) //article// author,
(4) //article//author/last, and (5) //article// author
/first.

r-‘;L—{dl-l‘u:_,_‘lr_.,

2% 4 BPE Q29] A9] ™

298 5% °] LPE Q2& A3ty s 44€ SQL
Folck. 2% 59 XRel SQLE& WA, 2EH wiHE &
8]4, LPEQ] Path FZE9 IYS =k LIKE A
oM, '# ABL dolE FEAlOIN, ‘% AEE &7
ool EAES W Al7]17] 9% U= Fl=ojrt o]
), Path F& AP, 2 JF <ol J& ZR 2
3} FolBy wiFHIe AUUHE FJFES I 3,

Element Blo]Eolu} Text HolEd} F1S& F3dtr)
olm oW B7| wEZ(dE E9, article. author)&°l
Agsle AUNEE] A 1 BHshe =29 ¥

= 2T(AE S0, quthor® kevword, first$ last)E
o F=H= al?iE%ﬂ A%E 7he] T3 BA 29

& YABSEY T AL RS =ik 97 Wl

3) °] Ael £Ae 49 ZU(selection condition)& WA Helstr] ¢lst
of Aol A3z} g %\}C’“ WAE 5 lev §38]. vajue Rl o
8 delzaztk AL o WAE + Aok

o] &% XML £ et 2

27 A2 Ao g 459

% d w9 xF A =do] AT 74 X3 B
29 % MY 6-joinEH 3 MY equi-joinlE FA
so] syt O
SELECT DISTINCT e5.document_id, e5.start_position, e5.end_position

Path p1, Path p2, Path p3, Path p4, Path p5
Element el, Element e3, Element e5, Text t2, Text t4

WHERE  p1l.label_path LIKE ~ " #%/article#”
AND p2.label_path LIKE " #%/article#/keyword#"
AND p3.label_path LIKE " #%/article#%/author#”

AND p4.label_path LIKE " #%/article#%/author#/last#"”
AND p5.label_path LIKE * “#%/article#%/author#/first#"”
AND el.label_path_id = p1.label_path_id
AND t2.label_path_id = p2.label_path_id
AND e3.label_path_id = p3.labei_path_id
AND t4.1abel_path_id = p4.label_path_id
AND e5.label_path_id = p5.label_path_id
AND el.start_position < t2.start_position
AND el.end_position > t2.end_position
AND el.document_id = t2.document_id
AND t2.value = " "XML"”

AND el.start_position < e3.start_position
AND el.end_position > e3.end_position
AND el.document_id = e3.document_id
AND e3.start_position < t4.start_position
AND e3.end_position > t4.end_position
AND e3.document_id = t4.document_id
AND t4.value = °Curry”

AND e3.start_position < e5.start_position
AND e3.end_position > e5.end_position
AND e3.document_id = e5.document_id,

2% 5 BPE Q2§ A% XRel SQL &

3.2.2 XParent

XParent[7.81% XRel®# #4181A%E 8-joinE S AME
312 27 equi-joinE-& AMHEEE X oA 29 A
22 FEE F UEF 3] st & HeolE 7]
ulS AMg-gt} XParent®] =7)vhe ohed 2ok

LabelPath(label_path_id, length, label_path)
Element(document_id, label_path_id, node_id,
sibling_order)
Data(document_id, label_path_id, node_id, sibling_order,
value)
Ancestor{node_id, ancestor_node_id, offset_to_ancestor)
DataPath(parent_node_id, child_node_id)

LabelPath ©|o]2-2& XRel?] Path ©gol&x} 2tlh
Element®} Data Heol8& 99 HE(Z, st
position, end_position) WA, == ANEAE AL}
€ Ag AdstH XRel9) Element®t Text ®jo]&7
Zot Jiang 517819 AFolM= Ancestor HolES
ZE 7he| Z-F& pARE o8 7Y w4
frAlgtetl AMESh, o|9 deizo® AMRE 4
DataPath ®o]E(4 %], Parent EHlol&
RE-Z] #3A4E FAsed ’\}%6“;} a2
)3 Feolo thajr= DatalPath slojEo] Alg-o]
SlA] 222 Ancestor Ho]E& AMEETHTR)

o] AzjA] XParent= XReld 2 wHoZ LPE
& gk a2y, BPEY #H$o] XParente 29

JECA =R =

2 -hr r:i ¥ 4
fre G A T o T
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)
i
it

E =52 P 7} g% =279 LPEET
7] W&o XRel Bt} © 22 4] LPEE©]
E}. oldf, XReld} Z& Wjoz2 =& IS
A =2 ¥FstL J= LPEER Ry o
%R}f 02 LPEEZ HH de == e
By Zol&t} olu], UL Ancestor
23 3 W9 equi-joineEZH FFFog o
£ Edld 359 Ao He =59 =& EAES

[ 2
ol W o Q@ d
A I P

o
14
wo rir

L N e u\;l e oo &
_?{_1‘
-{d R

oAl 2. dA] 1 ¢t gl BPE Q28 Alzbs) xA
AAEe LPEE t59 A7kxleltk (1) /article/key-
word, (2) //article//author/last, (3) //article//author/
first. 2% 62 Ay} He SQL & RYED 2
LPEEZ HH dojd == AFEL FFY 24 ==
45t Ancestor Hl o]

o SAks, O

SELECT DISTINCT e3.document_id, e3.node_id

FROM  LabelPath Ip1, LabelPath Ip2, LabelPath Ip3,
Data d1, Data d2, Element e3,
Ancestor anl, Ancestor an2, Ancestor an3
WHERE Ip1.label_path LIKE " ".%/article./keyword.”

AND Ip2.label_path LIKE " *.%/article.%/author./last.”
AND Ip3.label_path LIKE ° " .%/article.%/author./first.”
AND d1.label_path_id = Ip1.label_path_id
AND d2.label_path_id = Ip2.label_path_id
AND e3.label_path_id = Ip3.label_path_id
AND dl.value = ~ "XML"

AND d2.value = ~ " Curry”

AND d1.node_id = anl.node_id

AND d2.node_id = an2.node_id

AND e3.node_id = an3.node_id

AND anl.offset_to_ancestor = 1

AND an2.offset_to_ancestor = 1

AND anl.ancestor_node_id = an2.ancestor_node_id
AND anZ2.ancestor_node_id = an3.ancestor_node_id;

18 6 BPE Q28 93t XParent SQL ¥

3.2.2 XIR-Linear

XIR-Linear[21]= LPE g AHE|str] 95 WhHo=
23 Zo] XML A o3t HEE st sist
of A /e "HolEr o AuxE ARRFCL

LabelPath(label_path_id, label_path)
Element(document_id, label_path_id, node_id,
sibling_order)
Data(document_id, label_path_id, node_id, sibling_order,
value) )
Inverted Index on /abel_path of the table LabelPath.

ul
o
-]

lo
I
1O
10
S
=

. E2loll ik 27)ul-#

ol
fr
lo
2
o)l
£
ull
o
£
A
iy

dlolelio]2 A 32 # A 4 Z(2006.8)

SELECT DISTINCT e3.document_id, e3.node_id

FROM  LabelPath Ip1, LabelPath Ip2, LabelPath Ip3,
Data d1, Data d2, Element e3,
Ancestor an1, Ancestor an2, Ancestor an3
WHERE Ip1.label_path LIKE * ".%/article./keyword.”

AND Ip2.label_path LIKE " ~.%/article.%/author./last.”
AND Ip3.label_path LIKE ~ " .%/article.%/author. /first.”
AND d1.label_path_id = Ip1.label_path_id

AND d2.label_path_id = Ip2.label_path_id

AND e3.label_path_id = Ip3 label_path_id

AND dl.value = ' “XML”

AND d2.value = " “Curry”

AND dl.node_id = anl.node_id

AND d2.node_id = an2.node_id

AND e3.node_id = an3.node_id

AND anl.offset_to_ancestor = 1

AND an2.offset_to_ancestor = 1

AND anl.ancestor_node_id = an2.ancestor_node_id
AND an2.ancestor_node_id = an3.ancestor_node_id;

28 7 LabelPath #io]&3 9 <ldX(Inverted Index)
9l 4

HEAA Bt
e Az A

LabelPath ®Hlo]E2 XML &
Eo] wjAlg 2E #HolE HFZEH
=

(path identifier, pid)Z AF&c}. Z2] ¥ A (prefix) 24
9 &7 B BAA golEEL 7 golE FHE9
A golEw oix|wt Fo)Eolgts AL EARICE ol

= X

T HEYS 4 A FE #olEx, A HolE
of w7 7] 8] ag ol

LabelPath ¢ <1492 Inverted Indexw Label-
Path ®lo)E9 labelpath B=o| s FEHTh o
o, XIR-Linear= 2z} #lolE FEE E2E FXMZ 3
F5kal, o]E #HolE AR ¢l e F HolEE 719
=22 7153 A5AH 9 Qu2[22]9 #o], Label-
Path & QY 72+ 719=(F, #Hol&)e LW
e AEZ FAPT ET2H g2E U9 74 X2
B pid, occurrence_count, offsets, label_path_
length®} 22 GE& 743k 7IA, pide #el&ol
EAsle #olE A= A olil, occurrence_count
= FolE AEZ Welir 2 #Holge] Yehd sigoln,
offsets= dlolE RFE7}L AlFdle ARAE RE F @
o BES $AAA EAlshs dolE FlabelE9) )
29 AFF, A9 Ash elolE FUE 12 7)ol
k. label_path_length= 801 A2 o &A43= 4
o|BE 9 sligrolt) odF o #olE AR Schapter.
chapter.section.section.section.paragraph. & paragraph
ollM, section® occurrence_count. section® offsets,
label_path_lengthe 24Z; 3, {3, 4, 5}, 7°]th

NXIR-Linearg XML #AE o e B8 =EE

2 T Aus) st AxEs-HY PRE &
|

o fU]‘I

A&l XIR-LinearolAMe  Awel #HeE: sk
NXParent2} <lzElz-ddll AF 722 Element2t
Data Ho}& F%Z XIR-Linear® 28lx-#d A

A pzg ALSIoH21.
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XIR-Linearg] A¢] g W& thgd 2ot 1¢ 8
2 LPEE Agste duzgZolth WA, LabelPath &
A ~E Alg3sle] LabelPath ElolE uWlo)] wi#3l=
dolg H2E Fx, olgx Aojd Hol& HEZEY F
337 Element HlolE 7t pid AHL o]&3ly
equi-joing FHFT oju, wWiFHle =2Eo] o9
Axyt #rh o] LPE A2l A& AM3] dwstd o
3 zu HA, Fo)7 48 LPE P& IR Expression
E& Wgst}, o] W3e g% 4%9F Rule 1§ wE
o} olF, Eoll £3 7 NS (keyword)E 7FAL 1%
7(b)8] LabelPath Inverted IndexE 723l 1 7)¢]
Zo) tigt L2RES 73k old, Rule 1S &3] W
g FY T JUAE ol TXARE 7 L3
O A3 BRE AFIE pideS 7Y o) A pid
Bo I¥ 7(a)y pidEc] Hu}l nkAHO R o] pidE
7kA1, 28 10904 A=3le NodePath Hoj&1 =
date] HEHoz =x BFEE T £ Uo
XIR-Linear 3HH& 71& He] LPE g REL o
g HAoZ x| PyPos HlFo] & AEH v
HASE AHESIA et ARl A% I, XIR-
Linears TAE wojehwjol2 Alxdo] AR AN =

F7Vslojot gt} o= off-the-shelf DBMSE A}
F Ao,

@4 4w 44 mEe 3

o
&= XRelth XParentoll vis] ©3do] €
2 A Ay Heg 2
ted 2188 4 glch

oy oo

oh

Algorithm XIR_LPE evaluation

Input: LPE P, LabelPath inverted index, NodePath table

Output: set of node paths APset matching the LPE

begm
Convert the input LPE Pto an IR expression £using the syntactic
mapping rule LPE-to-IRExp (Rule 1).

2. Find the set of pids (p/dSed using the LabelPath inverted index
given the IR expression £

3. Find the set of node paths (MPsep through an equi-join between
pidSet and the NodePath table.

4. Return NVPset.

end

1% 8 XIR-Linear LPE A& dxgl&

LPES] A&&
[1 nodepath( & iatcutaerpan 1rE) LabelPath
M ia-pie Element) (1

Aoz FHsW 4 (HFH 2ok

2 (D) ANE o yarcruaepan. Lrr) LabelPaths
labelpath Z @] g dAE Ao gA 7| uf
2o WA, LPES 7\9)= 7)o} e 24 2oz
Aol el B =FolMe o] A WS FW 3
A EEA (mformatzon retrieval expression, IRExp)
olg} 3k The Rule 1& o|#jgh Wgs SAshe %
He BABE ok

Rule 1 LPE o/ I; 02 Iz ... 0y I,(47VA i=1,2,....p)
of et oo e { /7, V// JE tE ruled AMESHA
IRExpE ¥Hggt)

L ifor ="
or1 ==
8ly near(1) I ifor=7/
1, near(w) liy if o1 =
Lioisilina =>
li near(1) lia if o1 =/
fori=12 ., p
1
Iy = L, near(1) &,

047]7\‘] near(w)= AN wre 71¥=
Re) A} 7)Y =(operand keyword)E& 7123
—;—% A7 fAsf AHgHEe 2 QK proximity
operator)E AR A4 &4 A Ad22)e FEH
kAo 25,321, O
olw, 1,34 [,= Zt7z} LPEEZ Eaﬁ]—% A8 Aol el
o RE x2(ZF, 3 =5)% 24 =E(F, AY =
=)7} "ol FE38)ok 3k} &}l & &), LPE Jarticle//
author/last= 1RExp article near( ) author near(1)
last near(1) &lasto 2 W&HTE ®S, LPE /issue/
IRExp S$issue
near(1) articles near( *°) author near(l) &authorZ
W= olu) Sissues issue’t I BAQ RE xS
U& vERlzl ¢ A"
AR 3. LPE Sarticle//author/first & A28 1
. XIR-Linear= ©] LPEY] LPE-to-IRExp &<

Hgste), IRExpS) article near( ©°) author near(1)

articles//authors near(1) issue

first near(1) &first2 WEIT 283, 18 7)Y
LabelPath ¢ Sldl2o] digt #ZAE 53 pidSet

{10)5 ez, o 3ES Element B8B83 &1
o] NPser {19, 31}& uragick olejgh Ao g Axn
= 29 28 By AZE 4 Jdv 1% 95 LPE
sarticle//author/firstE %8137l Hsh A48 XIR-
SQL & Rt WHERE Aol &
MATCH%E LabelPath & ddlaE AMEEA she @
Abalo|th, MAXINT AlE2 Al2elo)] Holgl A A5
gholth. O

Linear

SELECT DISTINCT nl.docid, nl.nodepath

FROM LabelPath p1, NodePath nl

WHERE  pl.pid = nl.p|

AND MATCH(pl labelpath “article’ NEAR(MAXINT) author
NEAR(1) "first’ NEAR(1) "&first’);

% 9 LPE //article//author/firstE 13 SQL &
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XIR-Linear®] LPE A& 412F2 Rule 15 53l
#o0]x LPEES IRExpE #H#31, 0|5 53] 1 7(b)
oA HQl g QuAE AME o ZA(XML T2 FH.Q)
gojl A28 maA & 5 e WP v 5
g Ay Ao A Heg A& 4 o] 277 A

= w2 A 3 5 e AL 7Y B =RelMe
XIR-Linears A3 2A7)u-#d AR xa) WYL 7
wo g A ¥7] A2 XHA(BPE)E WEA AT
2= 9)x= "W o 2 XIR-Branchingg AgHsch

4. XML M& X

£ #Fo) N XIR-BranchinglA AH-3hE XML &
Ao AR FxE ARkt XML #A4= 27)0-dd
3 QlaEx-gd AR Byslo], Ao AMedd Hadgh
Axol ez BwAE vo|giulol2 HlojEo AF A
XIR-Branchinge 27|v}-#¥l ABE AHZst= H o]
L2 XR-Linear?i #tg: LabelPath gloj&
LabelPath & 2lgX(inverted index)& HE §lo] Ab
g9t T8y, b olamse] AP TEE XIR-
Linear®t tt2r} XIR-BranchingS =% QAiEHA
Z FZ2A XIR-LinearolX A= Element9}
Data H°)lE F2& AAsZ, M2 AY 72
NodePath Ejo]&-& A}&3tc} o] Hlo]Edl= XML E
g ol s 2E d2ada-dH ARE wHelE A2
9} WHE s w29 AE A0 Z nodepath ZE A
A&t L& XIR-Branching®] XML £A FZol
oe YRS AAs)7] st Abgshe T oelolEy o
S Bt )=

LabelPath(pid, label_path)
NodePath(pid, docid, nodepath, value)

inverted index: LabelPath E|c| &2 fabel pathell g o
e,

| XIR-Branching W& 2717-#d4 R AF A
XIR-Linear #& AHgslmz, 27jnl-zpd FHo] A
A o 32349 1Y 79 B+ 3
ol2EAA-gy ABE XML £A4E el Ae EE

=52 T AET Bart Yo, olEd Fw
NodePath ®iolEo] Adgct. 18 10& 18 294
ML EZd] tig Q2ex-dd Fro A% 48
01%4

% 109} NodePath HlolE& XML £M9 EZE
= AZEL nodepath AP ARFT} wof w=
Az @2 =7} Zhvalue)S 7HX3 JohdE, 2 g
2 value BB AFET. pid AP FLE slol2

v:E..O_
=2

rlr kr

dojehiioj2 & 32 B A 4 (0068

pid | docid nodepath value
1 1 1 Null
2 1 1.2 Null
3 1 1.2.3 Michael
4 1 1.2.5 Flanklin
2 1 1.7 Null
3 1 1.7.8 Jane
4 1 1.7.10 Poe
5 1 112 Null
6 1 11233 Nuit
7 1 1.12.13.14 R
8 1 1.12.13.16 XML schema
9 1 1.12.13.18 Null
10 1 1.12.13.18.19 David
n 1 1.12.13.18.21 Curry
12 1. 1.12.13.23 XML
6 1 1.12.25 Nufl
12 1 1.12.25.35 DB
2% 10 NodePath Hjo]&¢] o

Ao &£FE RE =T RAIEL TS W Label-

Path 0|23 Za] 1sh A8 dole Pz A9
A5e AN} docid BHE XML 24 AdAsS

g3t

5. XIR 2| Mz ¢1E

=

B m.o XIR-Branching XW T2E 7|¥leg BP
2 Ay 9% dnES AYsn, Fen BHd
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Algorithm XIR_BPE_evaiuation
Input: BPE £, LabelPath inverted index, NodePath table
Output: set of node paths resuft. NPset matching the BPE
begin
{ Assume the BPE Phas rleaf fabels £, /;, /5, ..., {,.; and that /, is
the result label. }
Set P, as the LPE from the root to /,
Obtain resu/t_ NPset by evaluating the LPE £,
for each of the remaining teaf nodes /;(/=7,2, ..., r-1)
begin
Set P, as the LPE from the root to /;
Obtain NMPset; by evaluating the LPE £,
Reduce result_ NPset through a prefix match join
with APset;
8. end.
9  return result_NPset.
end.
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Algorithm XIR_BPE_evaluation
input: BPE 7, LabelPath inverted index, NodePath table
Output: set of node paths resuft_ NPset matching the BPE
begin
{ Assume the BPE Phas rleaf labels /,, /;, >, ..., /.; and that /,is
the result label. }
Set £, as the LPE from the root to /5,
Obtain resu/t_NPset by evaluating the LPE A,
for each of the remaining leaf nodes /,(/=1,2, ..., r-1)
begin
Set P, as the LPE from the root to /.
Obtain NPset; by evaluating the LPE &
Reduce result_ NPset through a prefix match join
with APset.
8. end.
9 return result_NPset.
end.
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X IRQ ueryProcessing (Tw ig pattem p)

{
1. RExXpression e;
2. Result= {};
3. decom pose p into k lnear tw ig pattemsp,, P, Py Py
4. by traversing the tw iy pattem p in the postorder;
5. for = 0; i< k; #++) {
6. e= GenermteRExp p,);
7. find a setof labelpaths, LabelPathSet;,
8. by exeauting the R expression eon LabelPathInverted ndex;
9. }
10. for (= 0; i< k; &++)
11. N odePathSet; = D IN (LabelPathSet;, N odePathTable);
12. Resul=NodePathSet,;
13. brl=1l;ick; B+)
14. Resul = PrefixM atth® i Result, N odePathSet;,
15. M aximum _Comm on_Prefix Length ResullabelPath,N odePathSet, libelPath,
16. Comm on_lhear tw i_pattem));
17. retum Resul;
}
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X1 d9E
g Label Tree Pattern Query
LPE1 //issue//author/first
428 LPE2 //issue//article//author/first
(LPEs) LPE3 //movie//actor//first
LPE4 //movie/cast//actor//first
E BPE1l /fissuel //keyword]l//author[./lastl/first
w2 BPE2 /fissuel //keyword)//articlel./summary)//author{ /last)/first

(BPEs without

. . BPE3 //moviel /director]//actor(./award]//first
selection condition)
BPE4 //moviel /director]l/castl./actress]//actor[./award]l//first
L= BPS1 //issuel.//keyword="XML')//article[./summary}//author[ /1ast]/first
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