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Abstract The inverted index widely used in the cxisting information retrieval ficld should be
extended for XML documents to support containment queries by XML information retrieval systems.
In this paper, we consider that there are two methods in storing the inverted index and processing
containment queries for XMI. documents as the previous work suggested: using a RDIBMS or using
an inverted list engine. It has two drawbacks to extend the inverted index in the previous work. One
is that using a RDBMS is much worse in the performance than using an inverted list engine. The other
is that when containment queries are processed in a RDBMS, there is an increase in the number of
a join operation as the path length of a query increases and a join operation always happens between
large tables. In this paper, we extend the inverted index in a different way to solve these problems
and show the effectiveness of using a RDBMS.
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<Description> Designs, develops, produces, markets and services
microprocessor based personal computers, related software and peripheral
products, including laser printers, scanners, compact disk read only memory
drives and other related products </Description>

</Profile>
</Company>
</Companies>
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“%/company %/description”¢! #l22] pathIDE 2o
Pathlndex Hlo] &

2R F&

e TREA A
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QoA goirt et 9XE ofvjdich

delHES] HUZZS AEAE Termindex TAE
ol & olfx RDBMS Aol F3tael x2] 4], zo]
o] ZEZole) widsiAx =357t FUEA e F
e ¢ & 947l dFolth. 1Y 62 "/companies/
company/profile/description/' software' "9} % Ao
Aesl7] s 2 el xQle]) M EAE B
T A}k Termlndex$t Path Hlo]E7re] %9, 1
TermIndex$®} Term Hlo]E37te] 91 % 2we] %
Aol Ayt
wig XML 240 s 2-INDEX wyoz o
MolE& F& A, Texts Ho]E3} Elements Hjo]E&
A717F w9 AAA Heg T3 Hel A, wgshe
2 A A AX7E & HolB3re 2] Hi
@Hol At B mRdAEe o AN Astn
2 fisk gel g grEZ ol zhzhg
RDBMS9] Hol&d] A4S & Zo[th  Pathindex$}
Termindex H¢lEL g nyl Hgdolug zpzh
Elements Elo]E3 Texts ®Hlo]Edl Hlsiy =7)7} 4
Aoz Ao 41 HEEEY E 22HE B =79
Wyl AA Hold =7yt 2-INDEX #hie) 1A H)
ol ARt AA 1 T elo]EIHPathIndext
Elements, Termlndex$} Texts)d 7% B =F¢o

ol AAoR e HAT & Utk

E S ]

/companies/company/profile/description/’software’

D) Path ®Hlo}l&2%H “/companies/company/profile/descrip
tion” 2] pathID, pl& Aoj

ID) Term ®o)&23E “software”9] termID, t1& Boiwy

I} Termlndex Elo|E22E plat 22 & pathiDE 7}
AW FA (13 Ze e termIDZ 7HXE HEEiE

& 2T QM 29 W)
¢ 6 oA 2 2AAR

3.3 RDBMSHIMS] 7[& ESIEQ| Xa|

yl 7k F59] 718 2t ojgA SQL Bo
#igso] RDBMSAellA Aals=A]o] A 2-INDEX
W B =8 WY, Zh2hs Auid ojge) AAE
< 31804 AHE 7jE TFA JASE ugow 3
Rolth,

331 % =249

/companies//profile//’scanners’ dolE A&ty sl
2-INDEX WM e 28 79 (7H$} 2] “companies” 9+
"profile” X3AAE AE3t7] Y84 Elements Hlo]E

ttio

F

HQ) S4el 7y 33

op
2

Al 247129 3P, "profile”$} "scanners” XA
218]8}7] 9s)A Elements Elo]E 3} Texts H|o]E
gk ¥le] zolo] Hasich Zx, & 2¥e| &]lo| %
P} SEA|RE, o37)el A HAshe 2UL B =8 W
ojs] A4 E HolEel v Aoz AVst &
e 2Rleg2 zld mE eHs =t S
B sFdAe 29 79 (W9} Zo] Path Ho]
B "/companies//profile//"o} 3]33l= pathIDE
Term ®lo]EolAM “scanners’dl] #MFdle

termIDE 9 ¥ IREH 2L %L pathlD, termID

L o

e
o

to Lo o= A oaf
oz o 2
re T rE e

K

2 7HAE EE(tuple) B TermIndexAolA] F&shd
H} A3 Termlndex$ Path ©lo]&7re] & We 2z
ol 28]l1 Termlndex®} Term Ejo]E7r] §F Weo] =

Qlo] WAELARE, of 7] e &1 9]9] 2-INDEX H#
of WA diiFor 22 HolEte] Qo] Atk 1)
2, 919 FAYdAE 2-INDEX Wia B =29 1y
o = Slert F owom gAY by xgAe 4
27} ZAojAA =W 2-INDEX W¥e 1 wg w#Hs)
A 2A3F7L FrlEtAw B =R g 3

7t dele) B2Yolo] gAlgle] P4 F ®o

i
£

select scanners.docno
from Elements companies, Elements profile, Texts
scanners
where companies.term="companies’ and
profile.term="profile’
and scanners.term='scanners’
-- "companies” > "profile”" % ¥ XL gl
and companies.docno=profile.docno
and companies.begin < profile.begin
and companies.end > profile.end
-~ "profile”+= "scanners” & Hd E gl
and profile.docno=scanners.docno
and profile.begin < scanners.wordno
and profile.end > scanners.wordno

Zh

select TLdocID

from Path P, Term T, Termindex TI

where P.path like '/companies%/profile%' and

T.term="scanners’ and TIpathID=P.pathID
and TLtermID=T.termID

b
g 7 Y Z3EY XY

332 A4 x4
/companies/company/profile/description/’printers’
Aes Ayl Y8l 2-INDEX WHelxe 138 89
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(7h ¢} Z+o] “companies”$}t "company”, "company” <}
"profile”, Z12]31 "profile”¥} “description” EFH/AE
& A38t7] 934 Elements Blo]& AolA Zz &
7122l 3 ¥, "description”¥ "printers”2] EFAAEZ
A2lst7] 2814 Elements H©)E3} Texts Ho]E7k2)
g e 221, F o w9 =lo] wASA ot

g, B =R 28 89 (Wb o] Path H o]
B2Z2¥ "/companies/company /profile/description”oll
33t pathlD, ple LDIF Term EHloJEZRE
"printers” ©o19] termID, tl1€ ¥& & Termindex’
oA plS& pathIDZ 7HAHA t1& termIDZE 7}A= 5
27 FEEEE F 299 AN Fag It
2-INDEX ol vlsfjM FQl3lew Z1 A4 &
& AEoes A7171 42 geldzte] #0] "ok =
3 1y EgAooAel 2ol Ao HmHold
Alglo]l &4 F Wo] HASEA g 2-INDEX e A
o] Az Zojo vlHNA ZAA ] 314rt Frigio)

o

o 4 ro

select printers.docno
from Elements companies, Elements company, Elements
profile, Elements description, Texts printers
where companies.term="companies’ and
company.term="'company’
and profile.term="profile’ and
description.term="description’  and
printers.term="printers’
-- "companies”¥ "company”& A3 T F3ch
and companies.docno=company.docno
and companies.begin < company.begin
and companies.end > company.end
and companies.level=company.level-1 I
... "company” ¢} “profile”, "profile” ¥} "description”
FEHAE 7] 98l Elements HlolE Aol A
291 9] 27z A(self-join)
-~ "description”& “printers”& A F 3}
and description.docno = printers.docno
and description.begin < printers.wordno
and description.end > printers.wordno
and description.level = printers.level-1

(7h

select TLdocID

from Path P, Term T, Termlndex TI

where P.path='/companies/company/profile/description’
and T.term='printers’
and Tl.pathlD = P.pathlD
and TILtermlD = T.termlD

b
a4 8 4y 2R Ae

333 & XA

from Elements symbol, Texts AAPL
where symbol.term="symbol’ and AAPL.term="AAPL’
-- "symbol”& "AAPL"& &d ¥3H3icy
| and symbol.docno=AAPL.docno
and symbol.begin=AAPL.wordno-1
and symbol.end =AAPL.wordno+1

b

P

| select TLdoclD
;from Term T, Termlndex T1, Path P, PathIndex Pl
where T.term='AAPL’ and P.path like '%/symbol’
and TLtermID=T.termID and PlLpathID=P.pathID
- d A
and TILdocID=PIdocID
and TI.position=PLbegin'1
| and Tl.position=Plend-1

h
a8 9 ¢ ZFAY A

//symbol="AAPL’ A& 2)d7] 91| 2-INDEX
WelMe 29 99 (Zhsk 2°] "symbol”3 "AAPL”
&4A 2EPAE Aelstr] HsiA Elements HolE
Texts Blo]&Zre] 3 W] ZQlo] Gt} Wy
=&dXMe 28 99 (Wb 2ol Term HolEZH
B "AAPL"9| termIDE ¥I Path Ho|BEZFEH Az
HEO HZolEo] “symbol’E Eu= AHEEY
pathIDE €& 3, J2A#} 2L 4L termlD, pathIDE
7IAe BE2EL 77} Termindex Hlo]E3} PathIndex

HolE2REH FEUTh
(o]

e g oo

334 k-2 23849

select printers.docno

from Texts printers, Texts scanners

| Where printers.term="printers’

| and scanners.term='scanners’

- "printers” ¢} “scanners”i= FHoiwke) A2l E 3o)u)
and printers.docno=scanners.docno

and scanners.wordno - printers.wordno >-= 0

and scanners.wordno - printers.wordno <= 3

7h
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select TIl.docID
from Term T1, Term T2, TermIndex TI1, Termindex
TI2
| where Tl.term='printers’ and T2.term="scanners’
and TIl.termID = Tl.termID
and TI2.termID = TZ.termID
- "printers” 9} “scanners”= wrold] ARlE 3o
and TIl.docID = TI2.docID
and TI2.position - TIl.position >=0
and TI2.position = TIl.position <= 3

b
9 10 k-8 X3 A

Distance("printers”,"scanners”) < 3 22|E Azlsl7]
#s 2-INDEX WHdAMEs ¥ 109 bk 2o
"printers” 9} "scanners”7te] H EFAAES Helsjof
SEEE "Texts” HolE oA 3 ¥ Ar)xQ A
& g8 3tk @9, 19 109 (P9 SQLENAM B
ol B =79 wWie o3 xghdoeire}l o] A
el zQlAMe Fe® SO (TIx T x9l, T2
9k 9] z9, zdx TIH TI2Ze) %9
HE o9d ¥gAdoel k-4 2Eele #HY
2-INDEX W& 3 wle] z=<9le] Haslm & =Fo
UL A W) zQlo] FAsAY, ohE JE 3ol
& E38 A, dE B0
file/address/state="California’"9} 22 #ol& s}

I 91314 2-INDEX #e oial ®lo} %gleo) Bas)
ek B =8 WA Az ool BAIGlo]l s A

Y )

" /companies/company,/pro

B omEollA A oz gad AL
RDBMSE ol &slA st xdAE Haste W
Hol o Y2E d7-g ol&3ts Wl visM He 4
02 A9 Hsle AS BArh a8y, 2 INDEX
el RDBMSY o fl2E g o] &3te Wl
A B =89 RDBMSE oj&ste whfel A% 4
o4 B Fe HSS B
4.1 oY &4
AY & dsi Tahy] Hel £ XML EA)
gk Q) FRE AFPstu TFHE A 9
P EHERE B AFAM %S viad W A by
S AmE
4Table "Y: £ =FolA] Ats Az 1 4
St 2o vl A 2ER Fgd o MAE RDBMSE
o] &34 u] 789 Hlo]E Z Path Ho]&, Pathlndex

1ﬂ r°"

Ho]E Term Hlo]¥, Termindex Hlo]Eo] A#s}a
Aeolg AMests WA

ABTree WY: B =8olA A3 Az 138 4
9} go] d e grEZ FFgd JMels ztzt B+
Ef g o]§A o YAE A AFsia Ags A
28t Wy

2Table '$%: 2-INDEX W2 g 29} o] %
N9 F2EZ 4% H4491S RDBMSE ol&sMd *
Mo} elolE &, Elements Blo]E3% Texts Hlo]8o] A%
skl Aol HMeshe WY

2BTree W¥: 2-INDEX U2 27 29 o
F A9 dAER I A 7t B+ EdE o]
834 4 a]*.E_ Azl HAgsts Hojg A7 she H
H(EJAAME AL (2004 Alke WHA MPMGIN OJ
& AH)

A, flol A e 4Table W 2Table WHE 74
3t7] &l RDBMSE Oracle8.1.78 AF-3}9 1. Oracle
8.1.791 A AZsle 10T (Index-Organized Table)E A}
B39k 71E AAE HolEdAM v 7](pn'mary
key)ol] #l@3l= M2l dlojg} HolEE wWaz Fi A
Fhe =@, 10T [23]& olAES shviz %J’\Hl 4

ojt}y, ¥ =oME HeolBe MAE 7R Ao sy
O FPeng Alg 93 FUMHQl A Fito] Ha
3FA] kqtth 3. Oracle® 1400MHZ PV e 9
Windows 2000 Professional S&@# Ao F3hE]|00
o AZE 9 vlol m¥a] A= 768 MB oYLt

S, $olM 3t 4BTree WH T 2BTree Y-S 73
37] fl8iA o 2lAE %18 BerkeleyDB holH ][

241§ ol 88t 27} X}H@ T#35H3ch BerkeleyDB 2}

BHEe HD WA E(access method) 24 B+ Eg],
39 A8 s)Al(Extended Linear Hashing), FHQueue)
%‘% Agater AriAs 40 AFstr] A% HE

| 222X Br EZJE AMEEIQch o] o YAE d &
6]’ Wl Wxzl A27)7F 768 MBS 1400MHZ PIV #H3FHH
9] Windows 2000 Professional 283 #ejr F 5Tt
F 12 AgeA AMg"d XML dlojgle] RBFeol 1
7HA el gl P& Al Had A3 JER
th A9 dHolebe Wl 7hx] B2 vdo 4% dAs
of thEd HEE dn Jde XML EAMEY FAjA
Companies, AFs-3tol] i3t 7192 HHE ztu Q=
XML #4159 A2 Cars, Shakespeare @] &
£ XMLE 288 FME9 Y Shakespeare, 1]
I DBLP XML #AEelch dHol&29 @yl 10TY &
710l 4BTree, 2BTree e GM9l 77)E Berkeley

,_‘

&
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DB B+ EZE o834 o A A 94
19 F A7E onjgct

# 2 4Table WHel 4 782 elo)B3} 2Table ¥
ol i) HelEe AV|E RHFEh 53], Path H
olE9 =77} 26 KBE UHE ®|o]EEo H3] A3
oz B3 AL ¥ & Utk o|z9) FH o]fE Path
Hol£9 Z7I7F XML #AE9 =7l dHdss Rol
ohel 1AE 9 DTD(Document Type Definition) &
Aol =@7ie wlEEs) "otk DTD ¥A9 =27e
gurg oz XML #AMe A7l wisjy FH FHop o
gi XML dlelete] sbg & 4% she e
XML #MEo] dutdoz shtel e DTD #AE
FRe= Aol ZE=, 4-Table WHE 2-Table W

# 1 XML dlojet 7 2

Holl Hls) HA Ho|EE9 F IV|x S Byl ofy
g, 2= FFHCoE A7t AL HolBET] dA
sHA @k aAEL A1 Y7 XML Hielele] =
7] B} £ AL oW $gm2addMe B4V 8 &
Ak olAE AVl A3 FF Fad ATFEAM £&
Al deojglolx ¢¥F JIHE A G 7Y
(approximate inverted index technique)ell wajs <
T AYoltt [3].

4.2 48 ZH3t

41004 AHE 4717 BEHE ¥ ojz XML dlol&
o] izt zizh Al 9] A9y} FAHAL B 3 A4
SHIRE 98iA 88 Ao Adde) e AEE By
F1 Qlvk Aoje) FRAdept gAe 188 1 A& 5

gl = A WR3d HFE7

Companies Cars Shakespeare DBLP

LY 5 MB 19 MB 8 MB 81 MB
Z HoJel=7] 113 MB
4Table We] Hol& =7 190 MB
4BTree W o] G449 327] 133 MB
2Table Y9 golE =17] 215 MB
2BTree "] J4 #7] 155 MB

3 2 4Table W7 2Table WP 9] dHolE =7 HiL

A 7
Term Elo]& 25 MB
o5 110 MB
ATable "4 TermIndex Hlo) 0
Path Hlo]& 26 KB
Pathlndex H°|5 55 MB
B M
oTable WY Texts H|©] 138 MB
Elements Hlo}& 77 MB
B 3 Ay AR A9 JF
49 %
Q1 | /companies/company// asphalt’
Companies Q2 | /companies/company/profile/description/’ car’
Q3 | /companies/company/profile/address/city="milwalkee’
Q4 | /cars//'coupe’
Cars Q5 | /cars/class/’'convertible’
Q6 | /cars/drivetype='fwd’
Q7 | /play/act/scene// exeter’
Shakespeare Q8 | /play/act/scene/speech/line/’love’
Q9 | /play/act/scene/speech/speaker='salarino’
Q10 | /article//'buneman’
DBLP Q11 | /article/journal/’ artificial’
Q12 | /article/month="april’




XML #419 & RDBMS 71¥h& & &4 4 71y 37

A goFshA AEEAT XML EA44004 dedE =43} g Aotk
o] WA Wix o gAE dholo] gy HIE e o 2§ a3 11D EFE 2Table ¥ 4Table ¥o] H
S s BE RololA 53R 29 Hvez s 3 A9 Azdol7t 1 A$-(Q2,Q3,Q7,Q8Q9) Hut
© A% tig 7hsAde wiASHTE ® 48 ol 7kA| ohiel, #oleo] A=zHelrl #& 739(Q1,Q4,05Q6,
Wyl A FYPALE A4 vludd oty FHirze Q10,Q11,Q12)% Aol ¢t F5& & 4 Utk 1 9]
2 $£39 949 msec otk 1€ 11€ 4Table W Fo A9 Azr) H& HA9ee 4Table Wl 13
o w3k 2Table, 2BTree, 123 4BTree W2l 22 MlA o Z7)F & ElolBzte] #ololm A9 #
YA QAHigs ® 45 EUE 47 agze 27} ZojRA H9 vEAez o EA3AF7)
E 4 Ho)FPAizt vlwm
XML dio]e} A9l 4Table 4BTree 2Table 2BTree
Q1 90 140 210 106
Companies Q2 150 30 2533 982
Q3 250 290 3976 1072
Q4 220 110 230 80
Cars Q5 60 20 90 141
Q6 90 70 120 131
Q7 60 50 471 50
Shakespeare Q3 230 150 41229 3461
Q9 60 61 14240 980
Q10 40 40 4797 51
DBLP Q11 190 | 0 26508 540
Q12 140 | 0 | 5037 153
: 1000
100
10
Q1 Q2 Q3 Q4 Q5 Q8 Q7 Q8 Q9 Q10 Q11 Q12
(7}) 2Table’H/4Tuble®y ASHIS(E1 &9
: 18 1.6
16 1.4
14 1.2
12
1k
6 0.6 F
4 : 0.4
2 i : 0.2 -
i ‘. i HE EaRElBE e
Q1 Q2 Q3 04 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q1 02 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
(1}) 2BTree}/4Tablewty] A%Hl& (th 4BTree¥$l/4Table®y AdsHl&

¥ 11 %

oL
off
z
o



A
e}

Z7}8}7) wjEolrl wkH 4Table HMH S Eo]BE7He]
zA3%7} Aele) 7 ‘°l°ﬂ sy F7EA @
ZA9y AdE A0RoE 2ot 4o Holq
zQlojmz AojFuAzie] gloid & Z7h: wAEA
g

2Table o] 4Table WHol Hls) A%5zto)7} Bol
ux] gbe A9 EAE deo] Azols} 20 3}'34*1
Z9lol #rtels F59 570 digk 10,000 ©]3k<l
olck. e 8= A9 FoA Ql, Q4, Q5 zab—
o] Bz 17 dojth. whA Aele] HzZZolr} zowﬂ
2(Q2,Q307,08Q9), =& Holo AzZZols} 20]3
BHE 2o Frsle FZ9 471 tig 10,000 o4

£(Q10,Q11,Q12)91= 2Table o] 4Table Wl
Hsf Aol Bol HoAxA Hoh

23 11 ERE 2BTree 4go] 4Table ol B
8 oixEe) Aol gl 4dwe] < BEE L + o
ot B3], dejo] AzHo|rl 20149 H$e dREE A
Sabel7E wlmA wol Wk f9] delM Q2, Q3, Q8
283 Q9%50] 118 Aotk ¥ "olol AZZo|v}
201311 A$-= dIFE Aozt F o) oUAY 2
2 A2Q4Q7) 9= 2BTree WHHo] 4ol H F5&
& 4 ok
[2]eA dFe Zsf HAule} o] 2BTree #iol
Brol Aoe) gloiA 2Table W Hul 450 Fr}
Rol ¥ =FoM= tiA] & 9 geldr) olRe F
oJfZ [2ldMe ¥ 7HAE B dye 9 B
AR Agd ZWHo] RDBMSolA AMEd
APBG Aol o Edn OE shihs =90l
M4l AHEES Yol A FAE o] RDBMS Rk
ZEohe Holu},

AR, B =Rdde a8 1hdAd BE9)
4Table W0l 4BTree ¥Widl wlis) A% Hos @e
Aol7b UA| k=g 1 °l°: 2 =2

Hl M rlr =)

=]

HE 2Alshs RDBMSS o 2|=E zyL}q Ay
o Apol& Z2A7]7] gjolnt

7Y 125 Aele] 2ot F/HESS ATable WY
¥ 2Table ¥ 9] AJFAANe) WS HeFTh 1
¥ 8ol HMEo] 2Table W& dejel B2y} Aoy
#% AFgagrel PAr Fke 3L Beln
SHE, 4Table Wge ele) Bz eld] @Agle] A9
FAgtel Aol AYFE ¢ 4 slok

R A3 =8 A eolEtHlol A A 30 F Al 1 2(20032)

'—®-2Table
—*—4Table. . ..

2od=do|

/companies// milwalkee’

/companies/company// milwalkee®
/companies/company/profile//’milwalkee’

: /companies/company/profile/address// milwalkee"
/com panles/company/proflle/address/uty ‘milwalkee’

LA WN

a9 12 dej FRZold g HojAgt W3}

5.8 B

E EREAMe XML 49 oz Tgd9g
o2 X#37) 95 RDBMSE ol-&3)A ‘Z‘.%‘J%
A3 n ETPANE Ashe Wl 9o EliE
01%8}E Wd wialA e dozm A9

€ By T3, 719 2-INDEX #ijel ] 3“ A
%— *o‘gi Be FgAS HeE Bk o)AE 7hEE)
A szl sl 7 %91 @iﬁﬂ FopollA @ol 2ol
L 540 @2 2-INDEX
““ﬁﬂw E}’%}f& P ga2d gAsiAd Aol
To UM Be A4S Hth TgEg B =R
wagE #B3E 942E RDBMSE ol&3lM A&st
o AE A sz Wol FE3) XML RPN A
28oj A AHEE $ Qi)

ol XMLEME ARl AY9E stz A8l
RDMBSE o] &-3h= 74°ﬂ g FH ol s AT
th 71@oly IPELS MAIYe}l 15 A EHom
XMLE A 2 ﬂob_ RDBMS7F XML ®ME A
F&3 Ao)g Myst=d o] F5HQ) A8E A 2
Role}, sx|gt, Gale] 2717} XML wlelete] 278t
371] He de FA7F E 4 ok ez dale] 5

12 Zol7] 98 £&3< tioleghwol 2 4F 7HF 2
*} g9 7ol 3] - 2§ AFE ¢E Aotk
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