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Abstract Data on the Internet are usually represented and transfered as XML. The XML data is
represented as a tree and therefore, object repositories are well-suited to store and query them due
to their modeling power. XML queries are represented as regular path expressions and evaluated by
traversing each object of the tree in object repositories. Several indexes are proposed to fast evaluate
regular path expressions. However, in some cases they may not cover all possible paths because they
require a great amount of disk space. In order to efficiently evaluate the queries in such cases, we
propose an optimized traversing which combines the signature method and block traversing. The
signature approach shrink the search space by using the signature information attached to each object,
which hints the existence of a certain label in the sub-tree. The block traversing reduces disk I/O by
carly evaluating the reachable objects in a page. We conducted diverse experiments to show that the
hybrid approach achieves a better performance than the other naive ones.

Key words : XML query processing, block traversing, signature

.M 2 FHoz gy RFos AYHL Utk B HolekE
XMLE SIElA wolete sasA dgepe  © XMLE RAHI Azjsofop gl we} ol& Z&
Hog AHzley] flste] wlojehio] A|2Flo] AREE]

i R g T ook @tk XMLE 7lze] Holeh wdlshe o 19
4 Aedista AFEETEE _ )
swpark@oopsla.snu.ac kr A %EH.Q] ‘E‘l’?i@(semmtructured)[l, 2]?1 %78% 7]'
L e wtees A lek. 71 Holehlol: mdw} ThE olejg o]
AR EEE ;Lozi;;:by_oﬂ%a;ﬂoaa a7 @ iz gl =e AF W @ e Az wl
ypar! @samsung.co.kr

s AguiEn AFETEY 2 o] BastH, H gd FF doleho]s FofollA 2
MU o o @7slo] gtk XML dleleie o) Yelz was

T AT ! o 0E _ _ ‘
AALSER 20019 109 249 = A vlojel mdwt vlawste] md o] T



80 AR }3}3| =5

AAAF md2 & 3¥8E $ Utk 222E Lorel3],
eXcelon[4] 2 PDOMI[5]3} 728 A A& A (object
repository)= XML HloJE}lE AA38t7] Y3k A3 A
2goltt. XML e A+ AE2e XFsta Use
5o om, o33 Aoge A ez AYH EE
9] Zt ==& gAstdA AdEck XML 2oE &
Aoz AZ3ly] fste] EF B4 WHE Fola ¥
oA I/OF Eole AL olF Fasith

SELECT x.(telephonelcompany.:.tel)

FROM person X;

9 Ael= Lorell6] % AR XML Ze]9 & 42
A AREY RS E Fle Btk o] Helde
XML-QL[7]o]v} XQL# 722 duk=l XML oo
A A¥EE A AE2H(regular path expression)[6,
7, 81°] Ut} AAAA company.xE {18} persond]
319 =5 RS Esteol e A o] =9 2
< 3e AE AFsh] A% g4 HeE we =2
A ste FAZE Aok 2RR ol BAE A}V

3ste] FF AR Qe A(regular path index)E©°] AT
&o] sttt

MA X dlo]elu]o]2o|A A Z2)(path expression)
< A Ysted A2 Q921017 At A s
ARE Y23 e Ak wEe Jbee Ee AR
EHf?}Oq AU 25 AALE gtk A BRAS Hest

$3te] 1-index[1117} AIFFH AL o)A Pxs} 2

%iﬁ% APt Py FEONAN AZseE AT

F2o|t}, T3t eje] XA AlFee HF AR
< Y8kl 2-index[11]7} AHAEE oA
xPy9t 2ol Bt AR P7F 499 $A] oA AR
g Ak ARE FHoko] A~ 2-indexolA] 9] =&
AFe= E‘UO]E} ==o AFuizl 2 4 7] Wil
T-index[11] 2 £28& 4 Sl= WS AU T-
ndexe *personx.PyS} o] A& REZE *person®
3F9 === Agkst Aol

ole} Zo] AAHRQI olfr Wl o' dHolEtES
g2E St & FUF jli HF HlolE ==
Astedor it} a#BE Gt ARAE wW2A Fy35)
7] §18t] AZEE Wio] AAlE ook gt e o]}
Zo] dagE AME § gl A9 B3 HHAE &
o]7] 9late] AU W12, 1318 stk 8
B RIS FoldEts AA] AgiolA AxEe]
Fe|2EEo] Hof JA oW #HolA /07t 8ol 4
ojdr}. ole} 2 #Ho]x] JOE Fol7] $15te 2 =
oA R AAE & AAE Hh WA XHFe

! * iy oﬁ rlo

lﬂ ro,

12 dlo]Epul o] &

A 29 A A1 5(20022)

24 FHolA /O Zolv £ Bblock traversing)
S ARMHATE AloUAR 24 HeE Folil 59 ©
Moz BPQ3 HolA] [/OF EVoEA AA AL
of A MAA Fxe} FAgle] B3] BE o)A
/OE 249 & Utk ol - Wyd wixE <Y
2:9] #Ho]x] [/OE Eol=H=E AMH-E 4 Ik

E =9 7L vy 2tk 2™ #E AT
#ate] st 3™ dHolgl Rdnt Fejof A
2] W 2 OID Hol&e] diste] dwgich 48 A
B E=REA Ak DOM EZE g4% u o]z
/OE Zole A7k Wdl tiste] d™3ich 538A

49 A%E A9 64014 B Ptk

2. A7

w1z golgl, 2] =z G vz
2 dolelell W Zool= OQL[14] o1y XSQL[15] 3%
22 A A dolepo]2 Hojoj2RE] JIFS W
gtk OQLolY XSQLE AzEAozw e wdHY
FANZAY AR wERE dHoleke 27)vk R}
7] W& olye Aom AgslA| gty 27w AR
7F AFHE g 1 A419 dlojelel] o3 Fx7 HE
4 Aok
olgigt EAIE A Hste] A AE2o] W
z2 dloleldl] th3k 2e[6, 8, 9]& AMZE UL} ol&F
A AR2AS w2 X8y fste] wEEF bl
Elo] tig A= x[11, 16, 1717} At ATt o]AL
XML dloJete] 7z} Entels A¥e fFxolt) =
A AR diste Y LEWE aH=ZE g5}
WA 52 AAE ol ol2g AExe 211& erds
& wel AAs] Wil 7bed ZE AR thste
Qe ~E AA7F @3l
iES ti]OIE}HHOIAE XML #AME a8407 A%
WiHo] wWol dATtEo] T8, 19, 20, 211.
Sk %“ﬁ%% F2 XML #A4E #AY ulolehl o]
S 27)v AR Ao HH3E %
As Tk [22]9M+= DTD X7}
£ XML EA4E 98le dojetz23E DTD HRE
E%Z#zi FE3e S AASET
XML 242 AFst7] 918 Ax) AZ22 Lorel3],
eXcelon[4] ¥ PDOM[5] S°] At} AA =& do]e}t
Zdeo] Hojd mdy F¥ wjio] 7 == AR
Aoz A XML 49 A 725 HAAFAA &1
;q;(]—aé} o1q_
(23] AAAEF vlolefo]=S 918t Al1UA W

ru[o

0



RETRE IR SR

< AAEATE olRAL2 OQLY AR2E o]gste] A9
E AYT o 5F AR &3he 5 NEHREE
gt Ak 7 F olE HIE Ao E OR 3t
AIUAZS 3 F o]Z QID H|o|Ed] A3t} o)™
A A acc = 'kim’ # 22 AoE AT o OID
Holgo A A ao] AlZYX7} kimS] i@ H 22
Ag vlwstt) o]g€A 3 FA2AS we BE AAE
tzzoA ¢A otk 7] wjiol| 48 &=rb whe)
Ay, AN o] g Wale XML deje] 540 At
AR AYgaA Ead [23]€ AR 54 dE
YHE ¢S vlusks AolAW XML d9e At 4=
215 wErbaA FdelE Aol skl Ht A2 2
dgele AANEY 5 Fole o] T3 Holt

A dolgmlo) oA o279l conjunctive 29
E 9% AlaUx Y= du(24]. oA SQLY
WHERE HollM 574 ojEZRES gho] odl #AA
£ vEg B Ege A Fi AE HYT of olF
ol-g3tH HE AFsty] Hste] ¢lolof ste t2a
/O &9 & Ad= dolth

A9 F7HA BHE BT 54 NEZREY el o
st A|UAE Fetdth £ = A AHEstaat st
= A A2 digh AlaUA WHe 53 JEH
E7} ofgl At AR Fshe Zh ARl tiste
AlTUAE Btes golty, 22BE o]He e
A A2AE Asted AaUAE AR S AR
ATt A2 AaUAE W Z ARAS AT
W A|ZIUHE o]&ste] A WME Y & AUk

3 =H| B

[

ol Hoxe XML dlolete] dloje} Ry} Feojo
2 Aol Ay ol wislte] Mdwgict 32FelA He
£ NFAZ ¥W3s= I NFAS ol &t A 4
225 Hste Wyl diste] Aigth 33" &
w=EoA AR WS FHsy] Hste AA A A
9] OID Hlo]&e] tiate] Arggic)

31 Hf|o|E} =&} Zlojof

XML dloje} Bdld A7l e A ==5 71X
E7 g 1¥Ih DOMS XML tlelgdl] g 3T
Z QlEHolAZA o] APIE Edlo EfE gt
=it A AMEEE Hlolgl 2d-& DOMe|t}

1% 12 DOM E#9 d2A 7 =5 11 AFale] B
, AR =2 e YA =2 g 5= o 7
Ee AA) AZae] AAZ AgE) 2 QA= OIDE
7N a8 19 '&'E #7150tk DOMel= dHE

¢

e d

o

L
=t

Ho
(M

< &3 XML 29 A3} 7Y 81

I~

N

ool JEHRE =& P H2E w=v} 9low 77
& olFolY @ 7HAL gler olHF AAEL H&
2 solA|el AFHo Atk AE 5o ¥ 1elA A
&l, &2, &6 # oA Al Ao ATk o Hols
& B wiolM dushed #83 Asolth

¥ 1 DOM 8

A9l 3.1 (dolE A=) DOM AA 09 dol& 7
Z2E Foz 2y® #A7 e s F& o o)
HolE [Llo.hpolth F =5 oA n7bA AR A=
AA (np..n)E G2 & Utk olu == po] #HolE
2 [olr] =29 B§YL dYUE & jEFE|L

Ao 3.2 (Bt AR2]) Bt AEAL #HolE A=
o Bt ARl Ue As Ltk

E =godA doe x + 2 29 ZE gdE =
(wild card)& Adsh= ZF A2tk 20 AikAr
© FoR A AR UFde AAE ol vt
= Aoz ol9} e XML ZEo+ EyY 4 =2
gagto 2 A Eck

32 NFAE 0|83t F 424 AMe|

E =AM A A2Ae A3 f8te oRS
NFA(non-deterministic automata)® H33+c}. Guk=
o2 RE A7e NFAR W3g & Io(25]. A
AL Aol g NFAZ #WFo] 7bssity 18
2 olFg BEid A7Ax 18 39 yehd Ax

12

M@) M) M(ry)
"D O Oy O G
@L@ (6) L(ry)L(ry)
M)
M(r)
A
ad SO D
A 2 2
Moy )

©) L(r, + 1)

a9 2 NFA



8 CPEC TR

AddrList

o] Ehul o] &

A 29 A A1 5(20022)

219 3 addr.(person.*|company).name2] NFA

o] LrpL(r2), L(r; + r2) 2 L(rx)9 Z5oz Yepd
ATH25]. L)t L(r+)S L(rx)2] Wydow x3g
ok L(r?)e 28 2(d)oA e == golA 3

= pE 7k M AE AAS Lol Lir+)2

L(ro)oll A e == sollA f2 7k dAE A|AHA
Aty B =FoN AMEsE AT AEAS addr.
(person.*|company).name®]i. ©] A2l thd NFA=

a9 39 JERY Aok
Aol 33 (e (state set)) el HIS NFA

o e == IS "Itk AN 4 dheE &
A FolE A=Rd os) NFAo|A Hol® HrE9 A}

£ gtk
NFA|A 9] e} ol DOM 249 #olo] ¢

3 ARE 2 AR dE JAEE 7Y 5 Ak dH
ol Ea8 HF Ae(final state)o] TE3HH 1 A
o] e Jel AF Aeirt A7) W e L AAE d
o] Ax o g Ahvt "ok vk e JFol I
glolW 1 AAe] AMB Efe WESHA Yolx Hoh

I olfe HolE & dE ==UF A el g1 W
Eolth
dA 3.1 A7 AE2  addr.(person.x|company).

name®] 1% 1o Wigt A JF> R = {&7, &12}
oltk. g el AY SSv ¥ 39 AF A ==
{I}oltt. DOM EgelA FE A4 &S 7MW @
o8& ZAZ< addre]l Hi SSE {4, 10je] Hh ™
5 A &2F 7AW HolE A&+ addr.person®]
Hi SS= {7, 13}o] . A &I12F 7FA LW SSv
{7, 147} a8 J SSoll AF 48 == 147}
A "o ogzz AA &2 Z2n Aste] A7
HEZ R = {&l12} otk o]¢} 2 NS Algstd
Folxl At A=22e A Ro] AojRth o] Ak
el JE SS7F FRFol HYE HET Efe ZHol ¢
A Ao g gt awEE AH &6 A EH7
Aol &4, &5 2 A4 AR Ee] WA AEt) FHo|
A Ae A &4, &6F HIHF F WA Uz 5

A

Ak o9} ge FAl wutk olyz}, person.x WOl
person?] A2 AAE djF-Eo] WEEofof i)

33 Zix| xZt22| OD HoE

A AFre 7 AAe 2 AR EFA] ¢
ARE A1 Ye OID7} Atk OIDol= F7HA F+/
7} A, AA= 29l OID(LOID)e]x T& &k}

=279 OID<POID)°1EH26. =822 OIDe A
Hlo 93] o] W E(pseudo number)o|tt. ©]
23 79 LOIDSF o1 Aol 849l XE w3
3= OID ElolEo] glojof dit) B =FoMe 1Y 4
o] Yehd A o] AA AZAE LOIDE 7HAx
OID Hlo]&°] ittn 7Hggitt. POIDE A9 8%
9l YN E EslEg OID Ho|Eo] Bhesith B =8
dMe F7HA BHlaYe At shue B gao)
I, g2 e AlaYx 7Rk gaelth LOIDY
POID =5 &7 g A8 & 9o}

3% 40 B ule} o] OID Elo] o] 2+ A9
AlaUHE SEATH23]. o)A ofE goldo] MB
Egd EAsle A Yohlle IEZ AToT vk
POIDE 283 A$-ol= OID Ho]Eo] gloemg Az
YA 7t Ao AAsloiol dhh[12, 13].

A nol Ml ke Hpolgh st 1 A9 A1y
HE Selgt 3 Sy =V H; otk ol A

child i of n

l> rl

nel RE A4 k=9 g4 @& OR A4 Aolth
A e AR B2 #ol 1g sk AAE EAsH
Ae H A S& Qakstel 238 & Qi ¢ A
Si = Held An 2o golg & 71

OID Table

Object &1

]

1% 4 OID Hlol&

01D S(0ID)

&1 Sg,




RETRE IR SR

3 7Pl Yok Wk B A S = S0l B Er
o Zzejg A7} ﬁu}% A& F2% 5 Atk
M2 A EhAH 2
ol¥l Ao X B gz Ay 7§ g o
ste] Mgl w3 o] FrA
WS AT HA5 gAas Lt

o

2h=
Eold B -’11017‘] ZEE %322_]1’4-
Eo] a7 19 AA &2, &4, &5, &6 £AUE
%‘:]'. —’H] &2 B &6 HolA Adl AFEo]
&A49} &5 #o]A] Bol|l AL #Ho|x] Bej
AES AT F A &6 1 A AAES
Ao 'E— }“’4"1 Ag|stedor it AA|
% Holx Ax WY Ty
oA AAF 7HsAdo] Atk o]AL Ho
ket oA AAETY] A AR
(Iocality information)& §-Al3}7] wfj-&of wAYgic)
FAY dojeplo] = FH EY XLI[27]13 2o
g8zl o)A vo BE AAE e 2T HHT
T Ao 7P F& gelth sHARE Bt ARAS
A7) fsiMe HE AR ZRE ] e JAES &
ofof gt} &, BE AA= FE A7 HEA] GO
W Y F gles Eoth AA Agid AGE 2
Ae OIDE 7K1 o oA tiz9 E34<
A2 ARE =it} a8 o] 3 OID ARE o]&
ste] T AR Z2E o)X AAEo A=A dopd
F Atk %3 DOM Eg] Yo AAE 159 A4 A
e g OIDE 7FALL Aok o]ZL | =24 4
A7F F2 AR} 22 Fo)Xo A JeA do}
d & Qte otk 1 RE e ol AAES
g HEgozA B Fo)x FEE Y F Utk
A9l 4.1 (o] AA(next-door object)) F 2A
0%t o7t 2L HolA o] AH oW o8 o A

o 2 % FLI M 2
FU it r_?‘_ﬂ _u flo oX oX
30
fr
\
1=
9
L
_°.

_R,

v}

5
o
N
_>;i
.,>:‘,

L"‘,

A EEE U

==

)

2 ol% AR olck,

PuF 1& A ARAES WESE AAE BB}
£ 20 Apgolth o] F5E FHe] A (FE A
A} OID, { ) Aol ol Agsolor @tk o714 7

< 5% XML 29 HH3 7 83

23122 1 block:next()

. /% SS is the state set of NFA #/
" node — Queue.remove()
while node is not NULL do
SS « traverse NFA by the label of node
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if SS is not empty then
Queue.addChildren(node, SS)
if a final state node €SS then
return node
end if
12 end if
node < Queue.remove()
" end while
" return NULL
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A8 = 2 signature:next()

1: /% SS is the state set of s-NFA #/

2 node < get next node by DFS

3! while node is not NULL do

4: SS « forward(node, node.SS) /* using Signature */

50 /x if SS is empty then the sub-tree of node can not be
query result #/

6. if SS is empty then

7 node < get next node by DFS
8 end if

9. if a final state € SS then

10: return node

11! end if

120 end while

13t return NULL
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21 #Z 3 forward(node, SS)

1: SS « forward by label
2: for each state node n which can go forward by A in SS do
for each signature S; of PS, do
if Si A node.signature = S; then
m < the state node moved from n by A
add m to SS
break
end if
end for
remove n from SS
11: end for
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