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Abstract The inverted index widely used in the existing information retrieval field 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 XML documents as the previous work suggested: using a RDBMS 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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<Companies>
<Company>
<Symbol>AAPL</Symbol>

<Profile>
<Address>
<State>Texas</State>
<City>Austin</City >
</Address>

</Profile>
</Company >
</Companies>

<Name>Apple Computer, Inc.</Name>

<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>

a8 1 ¢A XML #4



30 AR =T

k- XFAo HAE tolzte] £ E(proxi
mity)ell 718 & 29

d) A (k=3): Distance("printers”,”scanners”) < 3

"printers”¢} "scanners””7} ©@olw®e] AZZ 3old]d
e XML A48 FE3ehe 2otk

XML BRAN A28 Jexo] Hojeo] gifie 9
o ¥l 7R 71 EFAEol 3E et d4s
olEttl & 4 Utk dE W, WA AR x2FAY
7} 389 dZA "/companies/company//description/
‘plastic’”"& £ & Ja T, 4, 22 9 23
97} &9 4 F "/companies/company//address/city
='Austin’"& & 4 3

32 EaEo| M2IS 2 Melo| 2%

(=]

Lo

gk ARls ‘1%71 ?1 "}017HP U17i‘42°]‘:1r
ARl Fx= olFe} FHURIEY F 8
€ 92E9 Yehe EE Tl
EH?SH 6‘H” wolEo] et 419
AXE E]*E PR AFsh=dl, oldg g=EY J
&S EdW=(occurrence) Bl e} 123 ofE Tho
52 ARIEA g o] BoES ARPM HofoA
T "8 #@a gtk dF Eof, AL WAAAL A
FAL T2 B89 Adxed TR Eoh 1 olfe
o BE 3 Ed 35w e g
oug g 9u7t e doEL oY wiEelth 1
HEg, B =FoMEs XML £A4¢ Yehle 880
aide dAR1stE A LA BE FREE [22
Toll A AlEe 2s AHESFATE
XML &AM dig 2de)g A7) )
A T 1Y AR1E T dhue 92E ‘?_r°1
QI15t7] 9%t T-INDEX, t& shvie dZHUEES A
&}7] 913+ E-INDEX o]t} T-INDEXE XMLEA <t
o] Zzte] "l2E tojo tiE] 1A0] ‘4"5}‘4'— 419
AT, FAA Dojagz Al X, &4 FE di
HEE 7|E0E & &4 QAN d¥ 5& skt
dR=g 3o J]EFEE (term, docno, wordno,
leveD®] F+XE ol&th. ¥, E-INDEXE XMLEA
Qro] Z}7he] AW E thste] 13lo] YEhve  #4
o] W3, XA Tz Al AR £ 9F], A

mlm

E
=

QM) #Wl F& shtel HIEERE sto] VESERE
(term, docno, begin, end, level)®] T%E o|&t} o
2 ¥ 19 XMLEA dis] ¢ W2oz 5%

dloletmolz Al 30 A Al 1 Z(20032)

8 94919

2

o

it

Bolx it

E-INDEX(term, docno, begin, end, level)

— (companies,1,1,52,0), (company,1,2,51,1), (symbol,1,3,5,2)
(name,1,6,10,2), (profile,1,11,50,2), (address,1,12,19,3)
(state,1,13,15,4), (city,1,16,18,4), (description,1,20,49,3)
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(Inc.,1,9,3), (Texas,1,14,5), (Austin,1,17,5)
(designs,1,21,4), (develops,1,22,4), (produces,1,23,4)
(markets,1,24,4), (services,1,264), ...

a9 2 E-INDEX¢} T-INDEX

Aol AwE E-INDEXS T-INDEXE
RDBMSAlA B9
(mapping)< 3t th

Elements H]©]£-(term,docno,begin,end,level)

-=> 7] 7]|(Primary Key): (term,docno,begin,end level)

Texts Hlo]E(term,docno,wordno,level)

2]l M=
Y DI BER T e

--> 7]& 7]: (term,docno,wordno,level)

Elements Elo]&o] XML fHHES = =
ARE AFslL Y= ¥, Texts Ho|ES HAE
oo} & A3 ARE A3 ot

ole} Zo] JARIS T Ag, AolA AWE V|2 X
FEAE 7474 o 2 ?_ x5 wEsj o} gtk
4, 4YHE EL19 28-S (T1,D1,BLELLD), <%
HE EL29] B8-S (T2,D2B2,E2L2), 92E tho] W3
o] WAlS (T3D3P3L3), 18] HXAE to] W49
SAS (T4,D4,P4L4)ers 242 ARl oty 714 g},

1. 708 =%

ELl°] EL2E 23 X&) 9 208 v 2ok

(1) DI=D2, (2) Bl < B2, 283 (3) E1 > B2

EL1o] W3& 7+ x3sl7] 9k 2702 o Z2th

(1) D1=D3, (2) Bl < P3, 18]3L (3) E1 > P3

= 59, 28 294 (companies,1,1,52,00E (sym
bol,1,35,2) & 713 xEF3ct

2. 494 =%

ELI°] EL2E AF xFstr] 9 =02 v 2ok

(1) D1=D2, (2) Bl < B2, (3) E1 > E2, 18] (4)
L1=12-1

ELlo] W3& A3 E3e7] g 2312 o534 2tk

(1) D1=D3, (2) B1 < P3, (3) E1 > P3, Z18]a (4)
L1=13-1

£ 59, 2% 294 (name,1,6,10,2)= (Apple,1,7,3)
E AF xgheio.

au rsL'



XML Aol g RDBMSO 719+H& & E-& 22 A1 7|3 31

/companies/company/profile /description/’software’
companies®} company
27 Eg7A, Elements H o5 Aol 7] (self-join)
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Path(path, pathID)

(/companies,0)

(/companies/company,1)
(/companies/company/symbol,2)
(/companies/company/name,3)
(/companies/company/profile,4)
(/companies/company/profile/address,5)
(/companies/company/profile/address/state,6)
(/companies/company/profile/address/city,7)

(/companies/company/profile/description,8)

PathIndex(pathID, docID, begin, end)
(0,1,152), (1,1,251), (2,1,35), (3,1,6,10), (4,1,11,50)
(5,1,12,19), (6,1,13,15), (7,1,16,18), (8,1,20,49)
Term(term, termID)

(AAPL,0), (Apple,1), (Computer,2), (Inc.,3)
(Texas,4), (Austin,5), (designs,6), (develops,7)
(produces,), (markets,9), (services,10)
TermIndex (termID,docID,pathID,position)
0,1,2,4),(1,1,3,7),(2,1,3,8),(3,1,3,9)
(4,1,6,14),(5,1,7,17),(6,1,8,21),(7,1,8,22)
(8,1,8,23),(9,1,8,24),(10,1,8,26)
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djHEs] ARz A¥AE Termlndex TXE
o] & olf+= RDBMS “JolA 232 A2 Al, F9
o] BZAolo HlgsiA XA3F7E FUHHA e F
e & F 7] wiEolg ¥ 62 "/companies/
company/profile/description/’software’” 2} & Ao
S AHFstr] f8iA 2 Y 2lo] BAFEAE HA

o

F1 k. Termlndex®} Path Elo]E7re] %91 1)
I TermIndex®} Term Hlo]EZre] %91, F 2¥le] =
Q1 Azte] WAt

Wi XML £l tisix 2-INDEX Wyes
Q1S F= A, Texts H©|E3} Elements H©o|E
717b vl ARA HEE E23Ee] A A, G
A Ak g ZAVIZE 2 HlOlEY %RI0] FH
Aol EAgt}. £ =fdAe o] EAAS st
A Sle} gol 4719 B2ER URoN A4S
RDBMS$] glo]&el AMFE & Zlo|t}h.  PathIndex$}
Termlndex Ho|ES EE syl AFyolmw Zhz)
Elements H©|E3} Texts Hlo|Ed] BIsjH =77} A
oz At 41 H¥SRAH % 22HE E =79
Wiel FHA HolE =7]7F 2-INDEX Wil A )
oy Z7|Hth ZA ¥ MY Hlo]EZHPathIndex 9}
Elements, TermIndex®} Texts)e] Z7]& E =&
Wije] Ao g A& 1Y 4 Uth

e e o 12

O
o]

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

D Path Ho]E2YE “/companies/company/profile/descrip
tion”¢] pathID, pl& @iy

1) Term Ho]EZ3E “software”?] termlD, t1-S oyl

) Termlndex Elo]E&ZRE pl# 2 7S pathIDE 7}
A EAlel (17 22 ghE termDE JHAE HEEE
& FEF A 2D A

O% 6 doeA B 2AdRd

33 RDBVSOIA2] 7|2 mEtAle] iz

vl 7B F7) 718 237} o¥A SQL 'L
HE = o] RDBMSHelA AE]=eXol s~ 2-INDEX
W B =8 3, Z47hs A ol dAE
2 31-AN AHE 712 x3Fe] qAE ugoe R
Aot}

331 T x4

/companies//profile//’scanners’ Z2]E *J2]5l7] ¢l
2-INDEX "ol Me 28 79) (7D} 2] "companies” 2}
"profile” EZFAAE A2 d7] 9814 Elements Elo]E

O:

A

A

o

Foll A 2}71291 &M, "profile” 9} "scanners” EFTA
2183t7] 18 A Elements E|o]E3} Texts Ho|E
g o] xRlo] dasit) A, F 28] XLlo] W
gto} SFARE 7]e A A 291 B =89 W
o o3 AAE wlolEe Hls|A AuFow Av|7) &
18318 2Qles 2l uh e =rt AR

> ooz AL
1o o

B 2XE "/companies//profile//"d d]@3}= pathIDE
S 93 Term HolENA “scanners’o] 3133=
termIDE & ¥, RS} T S pathlD, termID
2 7MAE EZ(tuple)5S TermIndexiolA] FZ&&4A
#t). A=, TermIndex®} Path Elo]E7te] 3 x
o1, Z18]al TermIndex®} Term Hlo]E-7te] & W %
Qlo] WASA| Tl 71 F1L 9] 2-INDEX
o HlsjA g oz Ze go|E3ke] 2Qlo] Ht} H|
2 9o AYdA= 2-INDEX W3 B =82 by
o] %9l 347t F Wog AT H xghdele A
27} ZojAA W 2-INDEX WHie o1 v+ H) 8]
A 203157 SUFeARE B =8 WAl X9l 34

7} deje] AeAold #Aglol B/ F o] Hrh

iz
Lo

select scanners.docno
from Elements companies, Elements profile, Texts
scanners
where companies.term="companies’ and
profile.term="profile’
and scanners.term="scanners’
-— "companies” = "profile”E +F ¥Eg3c)
and companies.docno=profile.docno
and companies.begin < profile.begin
and companies.end > profile.end
-— "profile”= "scanners”S 4 ¥Eg3kc)
and profile.docno=scanners.docno
and profile.begin < scanners.wordno
and profile.end > scanners.wordno

7h

select TI.docID

from Path P, Term T, TermIndex TI

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

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

(P
a9 7 R ZFEY A

332 A x4
/companies/company/profile/description/’ printers’
AE HYsr] Y3 2-INDEX WHHolM= 238 89



34 EEELEICEE

(7he} #o] “companies”2} “company”, "company” 2}
"profile”, L&)l "profile”¥} "description” X3BAE

< A7) 9814 Elements HolE ol ztzh zb
71221 3+ ¥ “description”¥} "printers”®] E3AAZ
%8 5}7] «]3]1)\1 Elements Blo|&37} Texts E|o]E7te]
3l Mo %91 = U] Wel xQo] wAskA Hrh

T, 2 =foAe 18 89 (Wh9h %] Path Hlo]
E2ZXE "/companies/company /profile/description” ]
dgsl=  pathlD, plS L3 Term H|oJEZHE
"printers” @19} termlD, t1€ ¥& % Termlndex’
oA plE pathDE 7}AHA t1& termIDE 7HA= ¥
ZET FEIEE F 29¥Y 2JAAMN o E S
2-INDEX ®Hol vlaiy ZA3Fn 1 FJAIA =
g FF o R F7)7F AL ElolETe] x<lo
A3FE 7 XA A9} o] Heje] HAE 4o
Aol &g F Hol ““30}7‘]1 =
ole] A Zolol Hlesir] zAAAFe] STt Frhgin

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” S AF E§er}.
and companies.docno=company.docno
and companies.begin < company.begin
and companies.end > company.end
and companies.level=company .level-1
"company” ¢} "profile”, "profile” ¥} "description”
EgaAE Aty 918 Elements Bl o]& Zdoll Al
2W o] #7121 (self-join)
—— "description”& "printers”& A% E ek}
and description.docno = printers.docno
and description.begin < printers.wordno
and description.end > printers.wordno
and description.level = printers.level-1

7h

select TI.docID

from Path P, Term T, TermIndex TI

where P.path="/companies/company/profile/description’
and T.term='printers’
and TLpathID = P.pathID
and TLtermID = T.termID

a3 8 34 2949 e

dloletmolz Al 30 A Al 1 Z(20032)

333 ¢k E3HAe]

select AAPL.docno
from Elements symbol, Texts AAPL
where symbol.term="symbol’ and AAPL.term="AAPL’
—— "symbol”& "AAPL"& $h3 £33k},
and symbol.docno=AAPL.docno
and symbol.begin=AAPL.wordno-1
and symbol.end =AAPL.wordno+1

b

select TLdocID
from Term T, TermIndex TI, Path P, PathIndex PI
where T.term="AAPL’ and P.path like '%/symbol’
and TLtermID=T.termID and PILpathID=P.pathID
i A |
and TILdocID=PLdocID
and TLposition=PLbegin+1
and TLposition=PLend-1

(P
a" 9 9 XFE e Ay

//symbol="AAPL’ A& A3s}7] 913 2-INDEX
Wel e 18 99 (7hel 2ol “symbol”# "AAPL"
A ZFBAE 22357l 94314 Elements HlolE
Texts HolEZFS] g ®le] Xlo] WAt} wHA,
=wdAe 28 99 (WP} Zo] Term H|oJEZ
"AAPL"9] termIDE ¥i Path Elo]E23E g
HEQS ZAFo]Eo] ’"symbol"®2 BUE HAEEY
pathIDE €& ¥ 33 28 & termlD, pathIDZ
7= FE2E5S 47 Termindex HI©]lE3} Pathlndex
HolBzZRE F&3ith. 281, Termlndex Elo|E3}
PathIndex HIC|EZHE] FE2E FEE5 T 919 ¢A

=
FPWA 2A20S VEThe FEES 324U €k

o2

_mrkm:ijz

334 k-2 2gE9

select printers.docno
from Texts printers, Texts scanners
where printers.term="printers’
and scanners.term='scanners’
- "printers” 2} "scanners”i= trolvhe] A& 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 TI1.docID
from Term T1, Term T2, TermIndex TIl1, TermIndex
TI2
where T1.term='printers’ and T2.term='"scanners’
and TIl.termID = T1.termID
and TI2.termID = T2.termID
—— "printers”¢} "scanners”= THolehe] A@] & 30U
and TIl.docID = TI2.docID
and TI2.position - TIl.position >=0
and TI2.position - TIl.position <= 3

b
a9 10 k-2F 23] A

Distance("printers”,”scanners”) <3 A2olE *&s}7]
A8l 2-INDEX WgolMe 238 109 (7Pt o]
"printers”¢} "scanners”7Fe] AF EIFITAEZ Aok
BIRE "Texts” HolE gollA g ¥ x7|xQl A4t
S Fdag ok 398, 29 109 (WP SQLEA B

5ol B =& e o xgAddMe Zo] Al
W 21k Few Foh(T1Z T =2, T2
o} TI27+e] =91, 28]x TH ¥ TI2ZEe] %))

HE, 9d xPgAdee}r k-2 EPAee A

2 3 o] xJlo] ety B =8
el Al W] ZRle] daskAR o V|2 x3F
9} 539 A9, o= E°l, "/companies/company/pro
file/address/state='California’” 9} 28 ZHolE A|s}
7] 9314 2-INDEX %2 oAl ®19] xRlo] dasf
Ak B =59 Wl Az old @Al 3 A

u

© o

Ad PAUE HgE Gue

o7 A9 HESthe RS ®BAth 183, 2-INDEX
W o] RDBMSY & g2 Ed
Hlaj B =82 RDBMSE o|&3dte Wilo] A% 4
oA B TS HESS HQlTh

A7 870 vl @eisl Aol $4 XML FAol
HE a0 AnE Ageln TeAoE A 9
2w o A e

i3

1 71 35

glo]E, Term H|o]E, Termlndex Elo]&o| &3t
AoE At W

4BTree W £ =&olA Agket A2 19 4
o} Zol ¥ 7Y FREZ IFFHE IGAAS 47 B+
EFE o]&sA o Y2E Ao AAsta AE A
glel= Wy

2Table *¥'#: 2-INDEX "ol g 29} o] F
N B2ERZ g 941E RDBMSE o83l F
N9 Elo]E = Elements El°]E3} Texts H|o]Eo] A*
stal dojE Ashke WY

2BTree “Y: 2-INDEX WHlE 18 29} 7o
T 719 Y2ER FFE JARIE 747t B+ EFE 9]
34 o Y2E ARl AFstn AojE AHYse W
H(ZJAALE Al [2]014 Ak WH MPMGIN %<
< AH8)

-, flelA Dt 4Table ¥ 2Table WS 78
317 918 RDBMS&E Oracle8.1.78 AH8-3}%13L Oracle
8.1.7914 A|F-3l= I0T(Index-Organized Table)E A}
£319ch. 71 AP EolEeA 71E J)(primary
key)ell si@she A1 dlojg} HlolES ME F& A
e g8, 0T [23]€ olAES stz TR 4]
ojty. £ =&olAe HolEe Mg 71 F]of disiA
T FRomg ARlg fg FUHHQ AR Fe] 4.
3hA] ekgkty. 39, Oracled 1400MHZ PIV ZAFE Y
Windows 2000 Professional -Fx|AelA F=3= o
W AFEY WQl v Z7]= 768 MB o]t

SHH, oA L3 4BTree W 2BTree WS 79
7] $18iA o B2E AF-E BerkeleyDB 2ol B2 [
€U E ol gate] Ztzt Autg THSIAT) BerkeleyDB )
olB#Ee H WiE(access method) 24 B+ Ed,
345 43 34 (Extended Linear Hashing), THQueue)
TS AFgstedl AVMe IAR1S AAZs] At A
HAEZA B+ EFE ARESIATE ©] 9 F2E X ®
3 w9l wWize] =7]7} 768 MBQ! 1400MHZ PIV #5E
2] Windows 2000 Professional -3 A A|o| A 423 = 3T}

X 12 Ao AREE XML ulolele] RFe}b o
7HA] el ARl & Al dad AGFLS YER
o A3 dojegls vl 7 2FE Jdoh Z4F SALE
o WF AFRE ;. e XML EMEY A<
Companies, AFg3tol] digh 71920 JRE 23 e
XML #4529 332l Cars, Shakespeare Q=2] thE
S XMLZ %33 FAE29 FQ Shakespeare, L&
I DBLP XML EAMEe°]th HeolEe] =7]= 10T 2
7101™ 4BTree, 2BTree Wil 242 =7]= Berkeley

Oft

o o



36 g R8I =E A

DB B+ EgE ©]&3lA 9 FY=E
19 & A71E 9ozt

3 2% 4Table ®¥He] vl 719 ©ele]Ex} 2Table W
He F /Y HolE9 ZV|E KoFETh 53|, Path H
ol&9 =77} 26 KBE t& HolEE HlF A
o7 FH ALE & F Atk olAY FE olfr= Path
ElolEe] 2717k XML #4159 2714 Hl#Hs= Aol
olyz} Z2AE2] DTD(Document Type Definition) &
A8l Z71e] Hlglsly] wWioltk. DTD #4119 =7
durEo g XML #49 Z7]e] HlsiA Ay Z}E}
EII’_ XML dlelete] 7 & 54T e B
XML #AE0] gytxog she]l 22 DTD #4
%—%Lt}—t— Aot} A, 4-Table WS 2-Table

Ao A 4

o rlo Ll rr e

cHlolebHlo] 2 Al 30 H Al 1 5(20032)

ol vs] AA HolEEY F = g B oy
g, Z1x AFHoew 3717 7—‘]’* HolEE7te A
sA "ok sAT gagle] =77k XML ulolele] =

7] Btk 2 AL ol FEm2adoME AL 2
°1“4' oA A A3 FF Fag ATEXN &&
Al ©loleplo]lx ¥F ZIHI ZAF JAR1 UH
(approximate inverted index technique)ol] Wajr <
T Ageltt [3]

42 &% Znt

41604 AHE 4714 ER/RZ o7 XML dlo]e}
o st z4zt Al 7S] Aot FHEHATt & 3 A4
SHIE A FaE Fo] JPo s FRE Ko
T3 Aok Aoy F2ort AAe 1%H 1 AL 5

1 XML dojgt 7% 3 g4l 75 A a3 Ade3t

Companies Cars Shakespeare DBLP
Hlo]e}=7] 5 MB 19 MB 8 MB 81 MB
% dlo]el=7] 113 MB
4Table W] Elo]E =7] 190 MB
4BTree ¥He] 949l =7] 133 MB
2Table Wye] Elo]& =7] 215 MB
2BTree We] 9491 =17 155 MB
3£ 2 4Table Y3} 2Table W9l HolE =7] Hlaw
=2 7]
Term H°]E& 25 MB
ATable 5 TermIndex E|°]E 110 MB
Path H|o]& 26 KB
PathIndex E]o]¥ 55 MB
Texts Ho]E 138 MB
2Table B4 Elements Eo]Z 77 MB
%3 A9 AH8E Ao AT
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’
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7HA] reFstAl A=A XML #4734 dEHE
A NE g G2E dojo] Al Wixe] oy x§
a3t BRE ol B4 de] sjgog A
Aol it 7hsAde wiAlSATE & 4+ dl 7HA
Hel do FPARS 47 vad el Fuzo
2 39 @9E msec ©lth ¥ 112 4Table W
o] th3t 2Table, 2BTree, ZL&]1 4BTree HHe] 2o
FYPAY HAFHIES R 45 EUE 77 o=z

oL rlr o fo

£2]3} g Zlojth

I8 11(7HEFE 2Table WY 4Table Wiiel] H]
3 Aeoje] AzAol7k 11 A-9(Q2,Q3Q7,Q8Q9) vt
ofvzl, dojo] ZHZAorl &2 A-Q1,Q4,Q5Q6,
Q10,Q11,Q12)0= 5ol ¢ FS & F Utk 1 9]
fre Ao A2Vt g2 739-2% 4Table el Hl3)
FuiFez zv|I7E & HolEgre] XRlojlz Hejo] A
27} ZojAA =Y H#HAH2E HolEF 1357}

£ 4 295 Hm

XML d)o]ek 9] 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 Q8 230 150 41229 3461
Q9 60 61 14240 980

Q10 40 40 4797 51

DBLP Q11 190 90 26508 540
Q12 140 100 5037 153

1000

100

10

1

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

(7B 2Table®tH/4Table}H Asvl&(21 &9))

18
16
14
12

o N A O

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

(W) 2BTreed/4Tables] A5H1S

(th 4BTree/4Table®d A5H|S

O 11 A v
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o). ®hH 4Table WHLS EHo|EEZH]
9 73 7E ol mlAs)N F7rekA] @
Jo= Aoz @77t ZL HolEZHY

2 AFA Yoid 2 Frhe BAEHA

2Table o] 4Table *WHoll Bls| AFto]7} @ol
A e 2‘—_10 o] B4 Aojel AmAo|r} 20]5AA
EZo] 47F tigk 10,000 ol8ke) A$-
olty. 919 F3AH A FolM Ql, Q4, Q5, 221 Q6
o] BlZ 1% do|t}. whd, "ol Az Zo|7} 20|41
749-(Q2,Q3,Q7,Q8Q9), T Ao Hz:H4o|7} 208k
g ZQlol| Frhshe £ 471 tig 10,000 o3l
ZA$-(Q10,Q11,Q12)91= 2Table *Ho] 4Table ol
H3] o] wol] "oixA Hrh

a9 11 ERE 2BTree *yo] 4Table Wy H]
3 ool Aojol] oA AFol ¢k FS 4 F
o} 53], Aeje] AmAolr} 20141 A= R A
satol7h vlwA gol drh 99 deA Q2, Q3, Q8
a3 Q9Fe] L' Bg-oltth vk, Aol Bz Ao}
2018101 A= diFE Aozt T oul oJulAY 2
2 A(Q4,Q7)91%E 2BTree ol Aol o &
& Ak
(2] AEs B8 Blule} o] 2BTree W0l
Fio] Aojoll glejA] 2Table W Rt} Heo] Frh
Aol B =FAME ] g §l FRIHE o]A] F
olfE [2]dMe F 7IAE EQTh v o g

AR A AREE ZSTHol RDBMSOlA AHSE
BT Aol o 4 O e sl=9o]
B4 AFEEC) o] o ZAE Aol RDBMS Rt}
e Holth

JAW, B E=EodE 19

%2

BN Mo e ;.:

N

o

11(thelA  Bzol
4Table o] 4BTree o] vls] As Hozw @
zpo7k WA °‘LE} ToolfE B =R dale
gk BAE 213157 dojo] A2 ol Hl A
Z7skA o 55& 24 A, 2Table el 13
diHom Ze gHolezte] xRl ZIALS
B8 2Asks RDBMSS 9 2E <X7re] 4573
9] Atolg FHAAF7] wEoltt

ad 12& Fele] Azt F71E 4Table W4
7} 2Table W] AojFhrzre] H3tE RHoFEr 1
Y 8o HIzo] 2Table WY Ao A=yt ZHojd
FE5 A te] A Fkske AIS Holn
WA, ATable WS doje] Z2 ol #Algle] A9
FPA] A TS & 5 Atk

dloletmolz Al 30 A Al 1 Z(20032)

4500
5 4000
g 3500 e
< 3000
2 2500 P —=—2Table
o 2000 —*— 4Table
O 1500
g 1000 i
500 — 5
0 N n n N
1 2 3 4 5
oooooo
1: /companies//’milwalkee’
2: /companies/company//’milwalkee’
3: /companies/company/profile//’milwalkee’
4: /companies/company/profile/address//’milwalkee’
5: /companies/company/profile/address/city=‘milwalkee’

% 12 Aoje] A2 oo whe oAt st

5- = T

B E=RoxMe XML EXd] theh Z3Hdo)s Fuz
oz AHFsl7] 98 RDBMSE o] 834 Ha21e A
Fsta XFEIE AHEshe Wyel 9 F2E dXNS
ol gt Wyl HlslH e oz AY Bkt

ol s Wlate geA FF8M A A
S Kot aEg B =§9
WA s JA9S RDBMSE o] &84 #4s}
I FYE A shs W2)o] FE3] XML HRAM A
2HloA A8 S Qi

Fo A XMLEAME AAsln 2E A st7] 98
RDMBSE ol%‘é}b ﬁoﬂ gt ZH S taiA A7
th. Z1gely 7IAES mA ol 59 B4 XYoo
XMLE #es}A % 7A4°b_ RDBMS7} XML 4% A
sl AoE APsh=d o] TF2 9T A 2
Aot} A9k, JAR1e) =77} XML H|o]ete] 7Rt}
A g F& BA 2 4 dok ez dagle] 2
715 Zo)7] 98 8421 dolgols 45 7IHY 2
AL A 7ol s FF FR% AFE oE Aol
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