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Abstract We propose XIR-Linear, a novel method for processing partial match queries on
large-scale heterogeneous XML documents using information retrieval (IR) techniques. XPath queries
are written in path expressions on a tree structure representing an XML document. An XPath query
in its major form is a partial match query. The objective of XIR~Linear is to efficiently support this
type of queries for large-scale documents of heterogeneous schemas. XIR-Linear has its basis on the
schema-level methods using relational tables and drastically improves their efficiency and scalability
using an inverted index technique. The method indexes the labels in label paths as keywords in texts,
and allows for finding the label paths that match the queries far more efficiently than string match
used in conventional methods. We demonstrate the efficiency and scalability of XIR-Linear by
comparing it with XRel and XParent using XML documents crawled from the Internet. The results
show that XIR-Linear is more efficient than both XRel and XParent by several orders of magnitude
for linear path expressions as the number of XML documents increases.
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A& WEE) g £ 34 298 o] == 2+F A
= AHg-sith
ojEigt == 714 AHRE AMgdle 7€ UyERs
Numbering Scheme[17], Multi-Predicate
Merge Join[24], Structural Join{2], Holistic Twig
Join[4], ¥l ~Z 7} Holistic Twig Join{15], XR-
tree[14]¢} ZA3+E Holistic Twig Join® #W3[4] So]
Atk

o] HEL &¥ul AR glo] AE A & 3
U= Aol Uk e, A9 A wlgL 27|97
W odEg 38 2ok djush, 270u-d wyge
270} ARE WA olfgozn, AM A 43
Adadrsz §Hshs whd, Jaea-gy e ~
7ivk-dd ARE AR 4 g7 dEolth adEg
Azl we] Aol X wige A 9

[~

f‘

o
B

°*‘,’

)

ol

_L4

it

Element

of)
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7hol wheh mig- wE £EZ RolXE Wio] Utk w
A, QzB2-HY Pye & W
e WHes AgE 4 e 5YPE et

4. XML & X

¥ AoM= XIR-Linear oA ARg-3le XML
A9 AR F2E Agsth XML ZAE &7nk-d
Wl QxsA-dy YRE FeEo], Ao e Be
3 AR ez BAY dojehuo)x HolBd AF
gk B =RoMe XML EgdAN dste Yol
A2EF 1 Yol AZE W 9 ddX(inverted
index)2 FAEE AKRE 27vl-dd AR 3y,
XML EZ] e e Z& LE(kE QAQAEAMER P
e ARE Jd2egx-#d Pue) ok XIR-Linear
€ 27v-#Hd PR 2HE ©3o] o] LabelPath
go)E3} LabelPath 9 <19 X(inverted index)ol A%
ok 2% 62 1¥ 19 XML Edd dg 2799

W Auol g HelEch
pid labelpath
1 $issue.issue.&issue
2 $issue.issue.editor. &editor
3 $issue.issue.editor first.&first
4 $issue.issue.editor last. &last
5 $issue.issue.articles.&articles
6 $issue.issue.articles.article. darticie
7 $issue.issue.articles.article. @category.&@category
8 $issue.issue.articles.article title.&title
9 $issue.issue.articles.article.author &athor
10 $issue.issue.articles.article.author first. &first
11 $issue.issue.articles.article. author.last. &last
12 $issue.issue.articles.articke. keyword.&keyword
(a) LabelPath table
keyword posting list
Sissue :<1,1,{1}, 3> <2, 1, {1}, 4> <3, 1, {1}, 5> ...
issue 1<1,1,{2), 3> <2,1,{2}, 4> <3,1,{2}, 5> ...
&issue :<1,1,{3}, 3>
article 1 <6, 1, {4}, 5> <7, 1, {4}, 6> <8, 1, {4}, 6> ...
Rarticle 1 <6, 1, {5}, 5>
articles :<5,1,{3}, 4> <6, 1, {3}, 5> <7,1,{3}, 6> ...
&articles  : <5, 1, {4}, 4>
editor 0<2,1, {3} 4> <3,1, {3}, 5> <4,1,{3}, 5>
&editor 1<2,1, {4}, 4>
author <9, 1, {5}, 6> <10, 1, {5}, 7> <11, 1, {5}, 7>
Rauthor 1 <9, 1, {6}, 6>
first 1 <3, 1, {4}, 5> <10, 1, {6}, 7>
&first 0<10, 1, {7}. 7>
last 1 <4,1,{4}. 5> <11,1, {6}, 7>
&last <11, 1, {7} 7>
title 1 <8, 1, {5}, 6>
&title 1 <8, 1, {6}, 6>
keyword  : <12, 1, {5}, 6>
&keyword <12, 1, {6}, 6>
@category : <7, 1, {5}, 6>

&@category : <7, 1, {6}, 6>
(b) LabetPath Inverted Index
1% 6 LabelPath Blo]E3 o Qu29] o)

Holeteio] 2 A 31 A A 5 Z(2004.10)

LabelPath Hlo]E& XML EA S0 BHAste 28
o] wiAE EE #HolE AZE¥ B9 A= ¥R
(path identifier, pid)E A3} =¥ (prefix) EH
‘Pt &7 W BYA HeolBEe 7t dold A= A
dolE7 mtAZ #HolEojghe A& FAIFT oI
QEYL Z2 3389 RE go)Ey, Ay FolEd
Wx) A17171 A3 9ask Aot AAR Y&-e 5140
A A gitt).

LabelPath & <¢ldjx= abelPath Elo]E-2] Iabel-
path =9 tfafix] FFEch o]uf, XIR-Linear= 2}
HolE FEE HAE FAZ 7}—1‘3}31 o5 #Holk 7
Z 2k Sle 7 Holeg J|YER FIth AFEHA
o QdA(22]9} o], LabelPath & e~ 7T2E 7]
A=(F, dolE)e 28 gxE9 BEz FAHC
XY g2E 9] Z+ XARL pid, occurrence_count,
offsets, label_path_length9} #& B== 71Ah o7
A, pide #olEo] EAI3h= #olE H29l AdAlolm
occurrence_count® #olE AZ ol 1 glo]Eo
et Agrely, offsets= #lolE Az A&sts 9
AZRE HF HolEES] AXAR e A9 AFF,
{419 FAg)olth label_path_lengthe #lol8 A=Z U
o A3l HeolBEY Jigelth A Bo dHolE A=
$chapter.chapter.section.section.éection.paragraph.
&paragraphollAl, section® occurrence_count, section9]
offsets, label_path_length= z}Z} 3, {3, 4, 5}, 70|t}

XIR-Lineare XML &A1& W = EE =CtE
& R3] fste] QaEs-wd HEE
Agch XIR-Linear®] <Qlzglx-#d AF F=
XRelol4 XParentoll A AM&3F A% £RES MHFO

i

ir o

l

2 A 4 9k gy, B =Roxs Adwe] He
E $3ld, XParentd <dsdA-Ed AR
Element®} Data ®H°]& T2xF XIR-Linear? 2®

- A FERE AR
R &2 Ma| gnalE

47| 43 XIR-Linears A& #x
LPEE 3]6}7] st GagE=g Xﬂohﬂ-_l_
7 #¥E “‘1“47\1 XRel,
XParent, XIR—Lmear% BMAo 2 v mdT)

5.1 LPE A2 ¢312&

de 4
LIRS
4

off T rir U"

o|.
&

19 7¢ LPEE Agshe ¢ugiEoltt WA, Label-
Path & ¢19AE A28l LabelPath Ho]& o] uj
28k dolg ZARE i, o)A Aol HolE A=

9] ¥} Element HolE
equi-joing 3P} o|uf,
Z3x7} "l XIR-Linear

74l pid HHE o] &3l
23t =0 A9
e 7]E UHe LPE A
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g BEe 9 dds AN X g Yo ZE v 52 A3 8 ARREe 238 AN proximity
2 2Ed X2 AMER] getie AHo] Qo operator)°]th. O

Algorithm XIR-Linear_LPE_evaluation

Input: LPE P, LabelPath inverted index, Element table (in XParent)

Output: set of nodes matching the LPE

begin

Continue until the P is processed as follows,

1. Convert the input LPE P to an IR expression E using the syntactic
mapping rule LPE-to-IRExp (Rule 1).

2. Find the set of pids (pidSet) using the LabelPath inverted index
given the IR expression E.

3. Find the set of nodes(Nset) through an equi-join between
pidSet ard the Element table.

4. Return Nset.

end

18 7 XIR-Linear LPE ¢ ¢1x8Z&

LPEY HeE FYFHoz RAFW 4 (D7 )
T nodepath (owMmatch (abelpath, LPE)LabelPathMyig=pid
Element)

2 (1)9] MAE 0 MATCH (abelpatn, LPE) LabelPath €
labelpath ZYe] w3 Y2E AMozA TR o
2o WA LPEE 7|9= 7|¥te] &l~E AN 2707
HEs ol ol B =foMe o] AN 2AL AR 7
A X8 (information retrieval expression, IRExp)
olg} 3t} th& Rule 18 ©|#3 HES A= W
HE HABE )

Rule 1 LPE o0; l; 02 Iz =+ 0p I, (4714 i=1,2,-.p)
of gt o/, // e e ruled AME-3t9 IRExp
2 ¥gdn

olw, ;7 = 44 LPEE ®¥3I=
9 RE kE (5, A =5)8 A7} ==
=7t ol FE3ok gk dE E°|, LPE //article//
author/last= IRExp article near(e) author near(1)
last near(l) &last®o2 W&HT £33 LPE /issue/
articles//author= IRExp $issue near(l) issue near
(1) articles near(e) author near(1) &authorZ W32}
51\3]- olw, $issuex issue’t 1 #A49 FE == ¢

£ Jehir] 93 AH2-Erh

djA] 3. LPE Q4% AZ}s) HAL XIR-Linear:s Q4
ol LPE-to-IRExp 7&& 283k, LPESY/article//
author/first® IRExp%! article near(o) author near
(1) first near(l) &first® Wl 18]m 28 6(h)
9] LabelPath & <Adsel W& Hag F3 pidSer
{10} w38z, o] FFL Element HolEx A3}
o] NPset {19, 31)& WH@3th o3 o) Ag Az
= 29 18 538 #3549 + vk 17 82 LPE Q48
Aa@st7] 9 BAY XIR-Linear SQL & Ht)h
WHERE #d & MATCHE LabelPath & 9~
£ AHEEHA she AabAbelth MAXINT A8 Aj2=H
o Ao Hd A5 grolth O

A% Al e

(&, oA =

o
=

o
o,
= T

SELECT DISTINCT n1.docid, n1.nodepath
FROM  LabelPath p1, NodePath n1
WHERE pl1pid =n1.pid

AND MATCH(p1 labelpath, "artide’ NEAR(MAXINT) ~author
I ifo,="/" NEAR(1) “first’ NEAR(1) "&first’);
o, —> O3 8 LPE Q48 £ SQL &
$1; near(1) 1, ifoy="/
XIR-Linear®} LPE A&l ¢xel&EL Rule 1S T3
a1, o= F0)2 LPEZ IRExpZ #3311, 012 53l 19 6(b)
g Bl o JUAE AAFOTHEML T R
1011l >
L near(1) L o, =/ Q) HolE A2E waA F& F Ae Wiolck ¥
oriel 2 , 22, 4304 A9 NEL Y e 2 Feo a9
ort=1,4,...,p
7014 m A Ay TS B e S5 4
Ip ==l IP near(1) &I, 3 Ao i-]\'-L] /\‘]-‘:.Q‘ AL _/l: ,\1‘:}‘
A71M, near(w)e H w9 7134‘:% g "olx 5.2 XRel ¥ XParent2te| Zo| X2| WY Hlw
= e A 719 =(operand keyword)ES 7Hd £4 28 95 XRel, XParent®} A|¢tE XIR-Lineare] T+
A Bd 84E XRel XParent XIR-Linear
golE F=Z mx Uy 2EF ujx| 2E¥ x| g e A
dHE 2y Py Z+4 (interval) = 2¥A (node id) XRel, XParent ¥ AME
glolg A= wix] Al #HolB ZE= HolE ol geolE ﬁi Eﬂ ol& ol EA)|LPEd FoA olBEY 79l oj%
g vlAl= 24 Ea3l=  HolE Az |3 #HolE Ay A HolEEw doE T2E HXEEY
A% 2ol
n dolE A=z =2 vl O (n) 0 (n) O (log n)

18 9 XRel, XParent, XIR-Linear®] ¥l
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® 1 49

s LPE 7% XPath 29 AN E
LPE1 /issue/editor 107 ~ 107
2% 1 LPE2 //issue//first 10" ~ 10°®
(issue #A LPE) LPE3 //issue//author/first 10° ~ 10™
LPE4 //issue//article//author/first 10° ~ 10
LPE5 /movie/cast 107 ~ 10°
as 2 LPE6 //movie//first 10° ~ 107
(movie ## LPE) LPE7 //movie//actor//first 10°% ~ 107
LPES //movie/cast//actor//first 10° ~ 10°

d WA Fee v Holh

XIR-Linear?] 4%} XRelo|t} XParento] ula] %
3 olf&, LPEd miAHe dolE A2EL 7] 9
3 2EY wjxrt obd, o JAYAE AMEF HAAL &
33t7] w&olth. XIR-Linear?l #lolE A= njx A7t
< 3 LPE el Sl= #HolEE9 ot o Qluzor
ol #olBEd WgHe EAH FAEEY ol
&M AAdck ¥, XReld XParentl do]& A&
ujx] A]ZFe- Pathi} Labelpath Hlo]E ¢lol] A= &)
ol BRE9 Fd WY AP 1HE=E, o
£ A= "Holhd) AZE #HolE A2 N+E n g}
g o, XRelo]\} XParent®] 3 AlZke O(n)oln,
XIR-Linear®] ¢l I 38 AZ7+S Oflog n)e 2

29 % gk
6. 845 "ot

£ Aol XRel @ XParent®} XIR-Lineard] # ¢
g AeE vngch olF 98, F F79 4¥L +
gt 1 AAAE dolgpwlol= W e FEL
HolE ZRo £& 7R olE e H8A (ef-
iciency)S vln3t}y, FRHA= Aekste Wgo) & o]
ehdjo]2F =8 FEo] A=A ) Ay )
B34 (scalability)S Bt A% Ax+= XIR- Linear
7} XRelolu} XParentoll HIs] Rt} & G84L 71X
AL ¥ ol FPEE MR 9SS veldg

6.1 &E &5

6.1.1 do|elHol 2

2 AdMe F M 9 A2E2(web crawler)Q]
Teleport Pro Version 1.29.1959[27]9} ReGet Deluxe
3.3 Beta (build 173) [26]& AME3lS QB E RH
10008789] XML &4 3} B dydMe
XMark Wlx]ulz2 d)o]elbenchmark data)[28]9} Z&
7tad dolet JEL AMESIR gt oy, stEd
dolelrl B4 =o¢l(domain)el] A= QU7 HE
o o]Z s, FE3] o}AAHN FRES ol A F ¢l

7] wj&olct,

F3€ XML EM4EL 27l g Mz pidge
Al e Holel 3ld Aoz Uxol HFHU 7
A2 FEH FolB A Z(distinct label path)5L 7)
FoZ g 5000, 10000, 20000, 40000, 8000072 =
gata ok olg F wkAT FJFL 1460000709 ==
E 7t o & JFge o e Aol /1A YolE
AZES 25 7R g F 9 & AL ¢ Fe
AFY S Al(superset)olty. 2z At A7l dloje}
Wo]2g, &, XRel, XParent, XIR-Linearo] ] AR&
He Z12He] HolBES X3 e AE B Ho)
Ello]|~E2 zreHo agjrg, AAEE doleh o)
29 F MFe 1574e]ch

¥ =F9Me= XRel® XParente] 9 =8[12,23]04]
ARESE Z# 22 dojelMol~ 27|mle)l AHAES
A2l XIR-Linear= XRelolyd XParentol A9}
Zo], Z} #ol&9] pid} docid EH) B+-tree AP
E 753 LabelPath Hlo|2Z dlolE}l 3JAEL 2=
1, Labelpath H]o]E9] labelpath @& & Qld~ s
FEPct?

6.12 A9
Table 12 XPath LPE®] F 7} a2go|tk 18 1

issue EAMEC BF AolL, 2E 2¥ movie A
w3 Aotk Axle FAEG BL A4 d2®s
7Rt # 19 MEEL dojeho)a W AR
A% F 8% LPEE Q81 297 2% ==9 7)
Hlgolm, Hdelgo] Ptog HAE o|f& A=
XML #AE Z4E deleiuo]2 A7)(HolE 7
2 7]F 5000~80000)°] wE AHEe] spH HIE ¥
A18t7] f1geld.

613 &3 #73

AL 512~Mbyte RAMZ 712 SUN Ultra~60

it o [0t £

wo Y M own ap ro

3) (3, 8, 10)3# 2& oA & & de & AFEL labelpath B
o} otd ‘value' B&el o AulAg AL} e}, 289 7 A
A% 24 52 XIR-Linear?] 2z 498 thact
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Aazwold oA FA A AR(text search en-
gine)e] B9 2 e VIES AL 292 7
A BAF voleplo]lx @l A=F [25]98 ARE-3HA
FY3IHTh 29 AAY 4x B3 wHY HZAE A
Ast7l Azt YA tazm B (raw disk device)s
ARt w3 Ao 8 ARst ulZ o)He 43
H Znz A3 IF v @A ] Astd, 2z d9
%% o|Fe] DBMS HHE z7138t4th A€ vl
22 7138 £33 AzHelapsed time)d T2z ¢&F
3l9(the number of disk I/O's)olt}. HolEMHo]2 H
Heol A7l EFES W A72 U3 ‘%}’@5‘}—‘: 37
A 23 Y& LS AAS] 8 T2 Z7)
¢ 200 HolAZ HAeHA)

6.2 &iE At

621 4% I 584

AR EHEL AHYLZRE oo EXMES F
371 WEel, Z2EHol o AT EAE| ‘35“75
uirict AZE gold FA2Eo| Frigch 19 102
A XML #MEERE TEHT dolE FEES
&35 Aol

I8 113 a8 12% issue ZE9 g £&4 Bl
A% Ao, 18 137 28 145 movie L8 O
3 284 va 4 Fdigo|ck o] AF AFNEL XRel,
XParent, XIR-Linearo] il dolE A= N59 &7}
of & #Fel %3 LPE], LPE3, LPE6, LPESY #H9
g H82 B Zoth H4d AFJEL T3, XRelo]
U XParentd] %2 A9 ¥ Ho AZ HolEd
AZE #Hold F2e o] HHdite RS Rele
¥ XIR-Linear?] 4%-& LPEo] Fo]R @lo]E 9] 7)
ot 7} golBe F2AE FXE Zo|(F, ExE]
gole A= Jigrol iz} wie A7) wE] e

u’ﬁ

4»- 4>

label paths

Number of distinct

20000 | -
10000}

0 2000 4000 6000 8000 16000
Number of XML documents

a9 10 XML #4971 Z71el wet wstele 7
e #Holg A= F

4) ¥ Mzde @337 9(KAIST) R 271edTAasdA /hdst
Foth 2 Az opfEAE HAE FA AR AF aT7HEe At
& AL

LPE1 - Flapsed time

—— X{R-Linear —{3—XParent —~&—XRel
3500

3000 e
2500 F /
2000
1000 | co
500
*—& & o

0 20000 40000 60000 80000 100000
Number of distinct label paths

Elapsed time
(ms)
g

LPE1 - Number of disk 1/0's

—&— XIR-Linear —O—XParent —&—XRel
2500

2000

%3
=3
I=3

1/0's
g

o
o
=]

Number of disk

[=3

0 20000 40000 60000 80000 100000
Number of distinct label paths
1% 11 LPE1S $3F XRel, XParent, XIR-Linearg}
Aol Hl& (H¥ =Z7] = 200 pages)

LPE3 ~ Elapsed time
~&— X|R-Linear ——XParent ~—&— XRel
4000

3500 | /n :
3000 -

"o 2500 |

ime

Elapsed t
(m
EEL

0 20000 40000 60000 80000 100000
Number of distinct label paths

LPE3 - Number of disk I/0's

—o—XiR-Linear —O—XParent —&— XRel
2500

2000
w1500 |
gmoo e o

500

Number of disk

0

0 20000 40000 60000 80000 100000
Number of distinct label paths

29 12 LPE3S 8 XRel, XParent, XIR-Linear?]
Aol w8 (¥ =Z7] = 200 pages)

rr

Al HggtE 2e Bdoh a3y, o] ¢
B 9L oA weth

23 15 dolB AE g Zrio] wWE ol |
Holg WES (X279 APE 23 awfclu}. )

o]B-E = article, issue, author, first & XML &4

AR
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LPE6 - Elapsed time
—o— XIR-Linear ——XParent —&— XRel
4000
o 3500
g 8000

0 20000 40000 60000 80000 100000
Number of distinct label paths

LPE6 - Number of disk 1/0's
—o— X|R-Linear —#—XParent —&— XRel
2500

2000

Number of disk

0 PN o PR

0 20000 40000 60000 80000 100000
Number of distinct label paths

1Y 13 LPE6S 93+ XRel, XParent, XIR-Linear®
Ao v g (W3 =7] = 200 pages)

| PE8 ~ Elapsed time
—&— XIR-Linear —3— XParent —&—XRel
4yuy

3500 F
3000 |
—~ 2500 }
2 2000 |
1500
1000
500

Elapsed time
(

e & Py

0 20000 40000 60000 80000 100000
Number of distinct iabel paths

LPE8 - Number of disk 1/0's
—&— XIR-Linear —B— XParent —f&—XRel
2500

2000

1/O's
>
S 9o
& &

o
o
o

Number of disk

0 s . - @

0 20000 40000 60000 80000 100000
Number of distinct iabel paths

I3 14 LPE8E 93 XRel, XParent, XIR-Linear®
Ao vl-E (M =7] = 200 pages)

5288, 3690, 2624, 1286e =Btk iy}, R
ol B 3 T8 JFE first Bops F) ol

dj o] Efuf o] &

E F NESETt bl e Fo]BEot) ojgd #HolE
HNxsE golB A= sFst 80000/1Y AL, HolE
WErt 7H8 H2 article2 F¥ first7lA] ZHEHE

1312 A5 2200410

Frequency for labels
—O—issue —LrF-first —a—gauthor —E&—article

—¥—movie —®—actor —+-—cast
6000

s @
S Q2
S 2
s o

2000

Labe! Frequencias

[+} g
0 20000 40000 60000 80000 100000
Number of distinct label paths

2@ 15 HolE A2 Fvtd mE dojE 3 HolE
e

g ol 8o Ui =289 Mg #HolE A2 Al
o wis JdiHoE w$- FAr] e Ae RE RE
W= Aol s -3 A% AHE EolAl gtk 2
¥ 129] LPE3l ™I Zi}te XIR-Linear’} ©-& A9
FHE vs) P9 g uHlgo] FuFHoz Atk A
< HoFa §lnk 97)A, LPE3 W 7—} & o] B-E(issue,

author, first)& &A1 W ¥IEF7t 58 dolBEong,
o Qldgxe] 7zt X2E grEV DHT Zojx 29 A

ul-go] g Hojsof Hsf AJdiFoF A e
. ey, o]#ldt Aol thE WY E nis] 9%
£& 4%S BT IE2 XIR-Linears 0]
AR AF7E AA F Ue dEA R4 AR
g 4 e AY FEZ A A dels # 4+ Utk
& A9 FFEA W3 ARe A BFE Holm
2 B =FdAe A%gd.

a8 11-148 Ed, XIR-Linear’}  XRelely
XParent Bt} £€3 o7 g XHIUFE ¢ F Uth
XRel#}t XParent= #loj8 HE9) /g Ftol ot &
o Azl A fzz 4F" 57t AY HFH
(linear) 2.2 Z7}8t= W, XIR-Lineare] A& AH

M& A (sublinear) 2.2, A9 AF(nearly constant)
o2 Zylgith oyt Ade wiX3E HolE HEE
27} 9%k WHES, £2EH wiXleh o du2 H4 7
o] &polzt 7HALE F¥o] whd® Aojrh XIR-Linear
= AF 899 A Z1E e W) 4 o ol
Ago] et AAR, 3] Ui A F7t &ﬂsc}
o me} 2 4% Aele HA AXNER Hz o F
A9 Ay TEE& HAok

622 2% 20 44

A8 dojehel2e] AVl A Jorz il
Wy =275 E97bEA Holehols AY)7E ARE
ERE wo AYSH 17 162 dHojgho)2 A7)
(= 114000 =)A<} 0.065% = HEl 0.005% (= 6 ]

wh g o o



AR A4 N o83 R o)AH XML FA] e EEHY 4P A=

AR AR Fole wE arle disid, Wdshe
A9 2 vles 22 2AYE R 29 18944,
W 277 HA FolAlA 2 o, XRel® XParentis
3 AP ugel ARF Frkske A s, XIR-
Linears Sy 718t AL 2 2= ok o]AL b

olghwlol Z7] BHUM XRelolt} XParent M}
XIR-Linear7} & #34¢ AAde AL Relze
2ol

Scalability In terms of # of disk I/Q's
~—0— X\P-Linear ~{3~ XParent —A—- XRel
3000

#V 2500 i‘g
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o
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Scalability in terms of elapsed time
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{ 2500 @
4 2000 £
{ 1500 1
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1 1000 &
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2% 16 M# A7) "o mE LPES Ao (TR
g lolg A2 < = 80000)

7.8 2

B ATE A8Y 8494 A8 Iz A8
=, oJdFcln Y o] XML EMER ol Fo
A AE Hsty] 95, XIR-Lineawrde M2 2
9 27 PHE 2489 XIR-Linear?} AH3h=
8 7l&S XML EAelx s dold HAREL
YABEE HEa, 3F Yo 9 ddrE FEIe
Hojth o) § ¢ldxE: MY Az HE A4, XRel
o} XParento] 2E® vix] Bo} 85 WE RE 1)
& A4gt)

2 =RME XML FA4Y RE #HolE Z2g A
Aete HolBH 9 AYAE IS A TRY A
F A2 #mAAE AR B4 FA2(information
retrieval expression, IRExp)22 W3}l WHHE A)
et 2, A49S %38l XIR-Linears) 4%5&
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