356

AR 283 =F : doleujo] 2~ Al 35 A Al 4 Z(20088)

XML A9 A& 9 58359
Af£ WA 714

(An Efficient Sequence Matching Method for
XML Query Processing)

t ~ + o A
M & gl s4M4d 7N

(Dong Min Seo) (Seok I1 Song) (Jae Soo Yoo)

® o EY AdA HE FH 2L wg FoZ XMLo] T Hojehuo]x AT Eopo
Ae XML 24 g g e840 AT ¢tk I8 A B a0 meE XML A2 IS s
XISS, XR-EZe} 22 323 XML 39 A 7ol A=At A= F23 XML 9] e 7t
A Az A HAE 98 Ze 9 vHEo] 8aFHE EAE /AR Yok Zole 7RFH XML A¢
A7 7o) 29 ZAE A8y A8 ViSTS PRIXS 2o AlF2 o3 7vke] XML 29| A 71
o] AHAUE. Al@L wiA 7k XML A9 A2l 71He 7t BE AE i AR EEEA
2 Ao AlF2st B4 el EFEHEAT vmEy] dE] 22 ¥lEe] a7HA g FFE /AT
Atk AT VISTE HAFER £33 M3 o 7|HES AL osH Fo X A 3+ BAE ZFs)
A Behskr] Eslx, PRIXe R9s) B9 NPSSt LPSE vlwdted B ®lgo] adn meiy &
E=EdME XML 29 HE A% F4S A8 43 A9 AEE ARSEE A& Ald: A 71y
£ At 28 B =89 A% Brtlre Adete 7IHE VIST, PRIXS vwste] Abete 7)o}
e-Ft=('+'9} /N8 EFste Ay B2 Aok olel kX AR A9 Azl dis) FFE AF
< Jehd g neld.

F1A= : XML, FZ2-93= AgEA 4 Ao Az

Abstract As XML is gaining unqualified success in being adopted as a universal data
representation and exchange format, particularly in the World Wide Web, the problem of querying
XML documents poses interesting challenges to database researcher. Several structural XML query
processing methods, including XISS and XR-tree, for past years, have been proposed for fast query
processing. However, structural XML query processing has the problem of requiring expensive join
cost for twig path query. Recently, sequence matching based XML query processing methods,
including ViST and PRIX, have been proposed to solve the problem of structural XML query
processing methods. Through sequence matching based XML query processing methods match
structured queries against structured data as a whole without breaking down the queries into sub
queries of paths or nodes and relying on join operations to combine their results. However, determining
the structural relationship of ViST is incorrect because its numbering scheme is not optimized. And
PRIX requires many processing time for matching LPS and NPS about XML data trees and queries.
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Therefore, in this paper, we propose efficient sequence matching method using the bottom-up query

processing for efficient XML query processing. Also, to verify the superiority of our index structure,
we compare our sequence matching method with ViST and PRIX in terms of query processing with
linear path or twig path including wild-card('*' and '//').
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The structure-encoded sequence about the query :
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Ay

/
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’
/

-

~~

e (P, &) : n=1, size=9 \

\
1Y
v
1

.»”  Range Query : (S, P} involved in (1, 10] \

o / \: XML tree on XML Query

T 8Py sizess
_*" Range Query : (L, PS) involved in (2, 7]

.
. Range Query: (v/, PSL)involved in (3, 7]

- (L, PS): n=3, size=4 7 (L, PS) : =6, size=1 "~~~
! ~
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\
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___________________ i
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<10, 20>

<42, 5>

<20,10> L,PS <36,5> L,PS <45, 2>

<30, 0> v1,PSL  <41,0> v2,PSL

[Doct, ..] [Doct, ...|
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Input : @ g1, .., g« @ query seguence

D-Ancestor B+-tree, index of (symbol, prefix) pairs
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DocID R-tree, mapping between the order values in node labels
and document IDs

OQutput : all occurrences of @ in the XML data

LinearQuery(Q, k) /* k is the number of a query seguence’s nodes */

Function LinearQuery(Q, k)

1 : while not found T do

T « retrieve the S-Ancestor B+-tree that represents gx

from the D-Ancestor B+-tree;

N « retrieve all nodes with <order, order~size> from T,

for each node ¢ € N do
Perform a query with key(order) on the DoclD R-tree
to output all document IDs in that key;

end

W00 =N s W

: end
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The structure-encoded sequence about the query :

(P, )L, P*)(v2, P*L)

|

Range Query : (v2, P*L)

— T~

(v2, PSL) : n=41, size=0
Search DocID : key{41)

(v2, PBL) : =47, size=3
Search DocID : kep(47)

1

Return Doc2

XML tree on XL Query

Return Doc/

(a) ALk 484 49 A2g 58 34

The structure-encoded sequence about the query : °
(P, e)(L, P*)(v2, P*L)

Range Query : (P, &)

(P, &) : n=1, size=50
Range Query : (L, P*)involvedin (1, 51] ﬂ

(L, PB) : n=45, size=2
Range Query : (v2, PBL) involved in (45, 47]

(v2, PBL) : n=47, size=3
Search DocID : key(47)

|

Return Doc2

(L, P§): n=20, size=10
Range Query : (v2, PSL) involved in (20, 30]

Return Null

XML tree on XML Query

(L, PS) : n=36, size=5
Range Query : (v2, PSL) involved in (36, 41]

(v2, PSL) : n=41, size=0
Search DocID @ kev(41)

|

Return Docl
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Aet) olF UL =x5o] A9} e & T
Zt=A #asly] A 9 =2E5d RA9E ®
AY ==gkg 7R £2 AE gdgth F
XE (vl, PSL)$} (v2, PSL)= A3F =& (S, P)
FAoz B7E ==E0|7] wiidd 4 7& wHE3)
AY == (S, P)E #31 o] ==d] Fod M3 E
1 AN F Y FAE 2 & Utk 2§ 8
e (v2, PSL)Y ti§ (41, 41)l=order(S, P)%} (vl,
PSL)o| gt (30, 30l=order(S, P)& W&3l= (S, P)
7b EA3A 7] g} AYE wEdts XML £4
7t g ¢ & Ak

4

<
Vv
o

1

pd o gju

o ooy e fob X

N
)
2

(orderwi, pst), orderwi, psLitsizen, psplEorders, p)

(7
&

(orderw, psi), orderws, pspitsizews, psp)€orders, p)
S 0O =
5 &8 ¥ 85 @it

5.1 &g A

Aorsl= A FF, VIST 283 PRIXE C o2
FEHAL ZH AQ FRoM AMEE B+-EdE GIST
[12]18 AHE-3lETE VIST ¢18lE&e Wang et al 2%
B AFuwstn PRIX 2udEe (1319 YalolEd)A
FAEYh A5 ol AR A2 HEDN 2GHz
ZZM Aol 1GBytese] wWEZE 7[AH, GAA=
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Leaf Node — /57
XML tree on XML Query

The structure-cncoded sequence about the query :
(P, €4S, PYL, PSYvi. PSLYL. PS)v2, PSL)

(@) FH=CS BULC oS

¥ 8 Agsle 4% 29 He v
Red Hat 2152 26118 ARt 2= #A9Ue GNU
gee ANAHE ver.3 448 21439k 2E]ln w9
A7) 8KByte® AMBRBIYIL 2 49l T2 kT #o]
H(labe) & €814 8Byte®) 24 WHE AMEElgch

E 1& A% g@roll AH88 dolgt Ao 548 Ho
Zth A8 dlojel A2 AN XML dolet

]

dol (14|22 8 Ak A% Hikde 44 g &
98 I A 718 d0IE A SIS SWISS:
PROT djolel Al AL 949l HE Zole EA =

olZ J}A At Be £4% 71zt TREEBANK do

B Ae Ao ais shie) 48 Y de ©
N golsh x4 wEsh ¥ wER O ASEC

DBLP Hlolg} A& BE 848 7AAY EAe ol
7 QA ga BAY AAAL 227 A,

(v2, PSLY 1 n=41, size=(}

Range Query : (S, P) involve (41, 41] & (30, 30]

363

The structure-cncoded sequence about the query :

(P, £YS. PY(L, PSY vl PSL)L, PS¥{v2, PSL)

/\

Range Query

(v2, PSL) Range Qucry (vl, PSL}

CQuery PIocessmg
for Le Nodes
(v, PSL): i 30 size=0

Query Ptocesslng
l for Vert, rr. Nades

Return Null
(b) JtX] B=E G Ml »E
e B¢ 72 22 49 A

¥ 28 A% Hrto] AMSE XPath A9 ME BAE
ok AMEE el PRIXAA 4% H01E 98 A8
B3 Fe] Mog du-vle ¥ @ /g R
oeFst FEe) 8 Az g9 v A2 doE A}

851tk
5.2 45 B
Agkshe Mel PR NC-493 C-4908 BE
stof A5e WzR C-AUAe VISTS Be 72

2 XML A ¢t9] #AE == F D-Ancestor B+-E
29} S-Ancestor B+-E#ol] AQIgt Fxojch whdHe,
NC-MQ& PRIXS #2& #2322 XML &4 <o) i
E wE2E D-Ancestor B+-Egl$} S-Ancestor B+-E
2o "‘1" 2 @i doletwo]zo] A Fzolrt
NC-41R1& dfoletufo] o] Fg HAE kTl 8
E xTo g3 2R g4 kel ¥E HHE Hp

¥ 1 H5usbel ALeg Hole Al 84 =29 S-Ancestor B+-Egl A%t Iz
Dataset Name | SWISSPROT | TREEBANK | DBLD NC-ARlE H=E k=of tid 29 84 A, 2=
Size in MB 115 25 134 o B 94 =TE WY 2 HA Aetate
# of Elements 2977031 2437666 | 3332130 @2 Fe Ael J1EE B ZHE MIS A 2H
# of Attributes 2189859 1 404276 2 55 249 volgiyo]Xd A HAE kX
Max-depth 5 3 6 o 7z AE WO HF A9E VI,
# of Sequences 50000 56385 328858 218 9% DBLP wjolgl Aldale] Als #E B
2 Ayt AHER A9 A
No. Query Dataset
o //articlesauthor="E. F. Codd” DBLP
Qo //phdthesis[/year]{/aumber] DBLP
Qs //inproceedingsl/author="Jim Gray "l vear="1990"] DBLP
Qy //Ref/Author="Moss }” SWISSPROT
Q5 //Entry[/Org="“Piroplasmida”][/Ref Author="Kemp D.]"] SWISSPROT
[*7 //Entry [/PFAMI[ @prim_id=PF0030411 , SIGNAL/Descr] SWISSPROT
(2 7S NPSYM TREEBANK
Qx //NPL/RBR_OR_JIRY/PP TREEBANK
(2] //NP/PP/NP[/NNS_OR_NNJ[/NN] TREEBANK
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[DowNCIndex_ B Ow C-index_EPRIX_BVIST |

Elapsed Time (ms)

Qt Q2 Q3

(a) A9 A Azt

NC-Index | C-Index PRIX ViST
(2]} 8 pages 1 pages| 23 pages| 2,280 pages
Qs 2 pages 2 pages 8 pages 17 pages
Qs 39 pages 7 pages| 185 pages| 3,543 pages

(b) shelx] R R
Y 9 @, @ 2EI Qo HE HE Bt

o Qe 84 =i H2rE =22 FHYE A3 F
2 Aot} ViSTS PRIXE 3l3Aes AYE A
37] Y&o "deolg FAse TE 84 k=8 g
WY Aog £yYdioh SA, Az A9 FERE
Aoz Aog Ay wWEY s FAI}E
T o) oid WY Fejurg sk auA VIST
¢} PRIX7} Ajqtehe Aol Fad) wls] @& CPU HIE
g so]x] M wlgo) gyHr 28]1 PRIXS NC-
Mole dare »og M o 4UstA] g3 Hof
epjo)zd] ARsE7] WEo] a5 Ulg Ao A
% giojeljolx U} HAE k=9t 72 FAE Wadt
7] 813 n|go] 1oz a7t} v AL
D-Ancestor B+-E2|9} S-Ancestror B+-Ego] €2
E S8 A4Q3la ¥ Al Azlg B H2EB
e ¥y Fovkg F8 Fog A 5 Uk 2
A NC-4glo] C-Hglefl ws) @& CPU vl § % o
oA AHT wlgo] 8FHh Qi 84 kERE F
Ag A Az deoli Qe 84 xEY HAE x
2 748 717 2 doolth. 1A AE doe 7t
2 AZE s A¥ A= QS uig 7= @
A Basior 317 WEe] o2 oS Hla] B&
CPU Hl¢ 2 #ojr HAZ H)go] g7dh ViST
PRIXE RS FAste EE 84 X=ZEJ oig =
1 Aare gl AT Adse A FxRe
% 2B Y EE g 2 AAhg S
o} M Aigtsle 4 P&} VISTH PRIXC] ¥
8] 278 A% 7Rt n8a 92E mEE 7FA R

e e

2e Ao is) NC-423 C-49e & ez
AAE HE7] w&Ee] Qoo tidt NC-Hd= -4
o] Ao Hg AL Zrh Ed, A el ‘phdthesis’
8425 ¥»EE JHAE ‘year's) ‘number’ 247} ‘article’
848 222 JIAE ‘author’ £4HT g He w®
=4 7M7) WEe] kA AR d9) ot A8 A
2 Aol Qo s AL Ao ANy ui& spRvh
Qsoll Wit NC-4R19] A9 A Hl§e) g HoE
o] 8|3 B °]fFE ‘inproceedings’ £4F BRZ v}
A& ‘author'$} ‘vear’ 847F FA o] ®el SRS}
o ‘Jim Gray'$} ‘1990°e)] Wit d2E =T ¥Hxg
9o} 2 2 44E F9387] dFel

DBLP dlolel Aol digh @, @ 282 @0l
A HEE 53 HAE =EE ZFEe R BF=2
Ao Q& V1A AR H8E 4% e A% =
Ago dig 7+ WA ¥ d2E g viasly] o
Fol d2E ghg T3 G VA A2 A9 Q.9
288 ¥ HE AR de Qe 88 Be
CPU H & # Ho|x] HZ Hlgo] aF7He g F
¥ 4 Atk a8y Jisr 22 a4 dE R Qs
& Ao Hg A 2L 2458 gidoE AYE A
317] wjgo] ¥x4vt HE 84 diF o s %
£ CPU ®l§ 2 Hojx] HT vlgo] a7He 2 &
g F ok

2% 102 SWISSPROT ulolel Alelxe] A% 7}
& RAET Qi % FAE A TERE 84 k=
o} HrE =g A A% 23 deojth 2 &
4 o $rp BE BAAM FYEHAPDL Qe 8L
k29 7t e A FAEHYY] WEA Q0] Qs
of vls) B& CPU vl& 2 Hojx] 32 vlge] 874
o a8y @ Q8 BAE = 57t WK i
o C-8%e T Fod A vl 4% FH7t An
Z 7hzich

QE QO ®AKE A TEE 22 k=9 €2E
o=@ PR A AR Aok o @8 A% v
mofA B & AR, 827l B EMA 88 50
847F & BAA FE Qs wE gL CPU ¥
4 2 gl FHZ uHlfo] fFH 1Y &G F
7Ael A8 Azz 74" 7HA ZE Zelelr] i
AY AzEq diF 7= BAE FIEorEty] Wi
Ay A2 A9 Qo Hsl B CPU H§ F HolA
A vgo] 879 @ 84 =29 &4 k= I
ga ge-Fle /2 748 7t A= Aol @
& &£4e ol T3elE XML B s 48 &
B oAooln gdE-vtz /0 ulgh B He FHele}
A ARE FAEe AY AnEd g v ¥4

o
=
A
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O Our NC-index BOur C-index EHPRIX BVIST ]

50

O Our NC-index M Qur C-index EPRIX MVIiST

50

9.42seC 872.20sec 767.24sec
40 40
0.82sec
£ £
2 30 Z 30
£ E
[= =
3 B
220 2 20
K o
w 1Y}
10 10
0 0
04 Qs a8 a7 08 Q9
(a) A9 A7 AT (a) A9 Mg A
NC-Index | C-Index PRIX ViST NC-Index | C-Index PRIX VisST
Q4 2 pages 1 pages 9 pages| 1,657 pages (24 3 pages| 3 pages| 46 pages 40,827 pages
s 18 pages 2 pages| 49 pages| 1,885 pagcs Qs 4 pages| 4 pages| 35 pages| 94,505 pages
Qs 7 pages 4 pages 83 pages| 4,367 pages Qo 4 pages! 4 pages| 55 pages| 121,928 pages

(b) Ho1x A 8=
a8 10 Qi Qs 183 Qs ol thF A% Hrt

He-e Y3 w2 o] A ulgo] 7"k 1A
Qs7F Qs Q5o H¥lE) 2 CPU HlE 2 #Holr ¥
Hjgo] a7gey 3 NC-A99 49 el Hlsk @5
g saater] o B CPU B & 2 dola Ha ug
o] a7Hch ot ¥ Ao A A a7HE 49
Q9 2% =Z ‘@prim_id'$% Descr’ FEOF @9 ©
9 =X ‘Org's} ‘Author’ =7} B7] oFejr},
SWISSPROT diole} el diet Qi @5 1T Qs
o Wi AF vuE F3 42 2o T A9
A4 840 Ui do] Huls &40 dig d9 Hz
Hlgo] o wol axsHm dUe-7i=r) £EZR gk
A9 A Rrie gUd=-7l=rt g A9 A vig
o] o go] a7HE AL HAY + Yok =3 oY
z-Fl=r7t 238 X Az A9 Ao 4% e A
o5 g W B2 Ao A uvlgo] 2rgE
< AT 5 Yrk
18 112 TREEBANK uloJel 4loAe] Ay w7}
Hoj@Eth Q2 5 e sdE-gl= /2 A"
3 Az Adolth VISTE Q% F3s7] YA
D-Ancestror B+-E&dl W&l (S, /NS (NP, //5//)
o g HY AoE Syt o9 2 WY Aoe
F3 2o H2Y ZnE AEsa HF d9s 7
A olEd) I T= HBAE FAEFCH oy Hi$
B2 CPU HIE ¥ #ojxl HT vl§o] 27"k PRIX
€ ViSTS} 2o] (S, /N (NP, //S//°] tigk ¥
2dg Fske o] ohid, “S79 “NP"o| HoH
LPSS NPSY| oigt ¥¢ "As} o5 g 73 ¥

po}

A

(b) #HolA A 35
a8 11 @, Qs 1B Qoo Wiet A5 At

A #de B3 dE Xdd}r] g el ViSTel 8l3)
2 Aeg /M 2x Agske M9 RS 4E
2 A9 He 7IH& AMES] (SYM, //S/NP)e) g
b ooz ANE A2dtr] Wil ViST9 PRIX
o "lsf g F& AFE 7t £38, TREEBANK
Holel e H2AE =8 AT QA @k A
TREEBANK tjolet HEel tigt CN-403 N-4<)
S 2 Txe 22 AT Wt 495 ARk Qs
g Y lE-FlE /2 FAE AR FE Aot
VISTE (NP, /N tigd 49 Ao 49 ¥ de B
2 ARE 7D 7R ARE PSS T oAY HE
ARE g 7z AAE wdsty) gl Qo) viE
2 CPU H18 2 #loj#] H& vlgo] a7-¥r}k PRIX
£ NPol 2ol LPSe NPSH tigh ¥e Aeje 7t
2 A2E sk F e Add H¥ AZEA o
g 72 BAE B8] "] @0 HE £& A%
S 7}z o]§ Fal, PRIXY A9 A A2 FHeo
o 2¢dE dE=-7l=e] $7t ol Fx #AE #
daled Fodte oo 59U HAS &£ U
g Agdshe A TRE 44 Fe A EE A
43517 gl Qo W3} ViST © PRIXY] sl F&
A& 7HAch AR AbskE Al FRE 71X A

g P45 4% 4289 72 WS WU 9

-

2

oY k=9 Y ke gt FE SAE BYs
28 @ B8l B& CPU g ¥ mloja AT nlg
of 8THET Qe T FAG Hoz 3 /9] 9=
-7E= /MR AR T AR Aol AN, Qe
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Q] HE © 22 84A5S ¥Fen dY=-sl==
222 7MY NP 7} Aoz wEHA ey
ZE 7Hch ViSTS PRIX 25 Qo7t Qsoll B8} 7=
S wdsr] 3 o B 848 F¥stu gl
g2 Qo7t Qsoll B3l B CPU 4% 2 #Hojx A
& vlgo] g} yhEd, Agkske A9 F2e A
gral Aol Helg B e ued $o 9y »xo
3 w2 O 7FE BAAE FESEE Q9 Qs
i) wss J% Bl 2HE spac

TREEBANK ®lolg} J3l ti# @, Qs 287 Q
o g A% wing B FA Eolrl dxn & 849
2 B FEog 5Y 840 MEHA YU F
Aol 3%, ViSTE Ao IFgE gde-vi= f4
Tz A #9892 93 8459 7 BEFE A9
el wlgo] t Wo] AFHE RE NE § Uk 1
2] PRIXE 2o TId Jd=-stue S 2
A 9L A AV 72 oA B 98 24 E
9] 7} B&4E A9 A ugel f ®o) AFHE
AE A 4 Arh =3, 111%1—— AQ Fzx AY

of TR gU=-sh=e] ol 2A I 2R 9
A A Ao Helg o) 7—1 BAE B

o

A% 9 =9 AF ==9 $7 §ESFE 29 A
2] "go] ¥ Ho| 87He AL U F Sl

a9 12¥ ViST, PRIX 28z Asles 83 2
9 false alarms FA] W3 Ay HyE RHAR
PRIX® VIST® fulse alarms #AE A8 93
LPSst NPSE 5§ A2 )3 Al gap consistent$}
frequency consistentE ZAAME gl aEln Aot
e M FRE Durable W% B9 71HE £ A
B2 )AL 38 ViSTY false alarms EAE 32
gk a9 12004 B £ AR, 2E AdEd U

delehdol A 35 A A 4 B(0088)

P

PRIX ¢} Algtste Mol TxE A

g A%E gel, FA VISTE EA oA =4
-¥E e RE-AY @A) old kEEe] ViSTY
suffix Egl Wdixe 24-F& & 2212 3
2 3EE § U7 dEe dA4 ZREg ge FdFrt
54} 48 B, Qo1 sl DBLP dlojel Alo)A
‘phdthesis’ 849 43 72700]3 ‘phdthesis’ 848
BEE 7HAE ‘vear 3 ‘number’ 849 o Zbzb 72
7Rk 37/0olc}, PRIXSE A)Rbete MQl 2 ‘year'd
‘number’ 84F Ao JIAE ‘phdthesis’ 840
g F3 374E BFE] Y5k A, ViSTeE &
A el ‘year® ‘number’ £47} #ELE HEE
‘phdthesis’ 24 glojx VISTY suffix Eg|o)A]
‘phdthesis’ £49] A& 5 & =2k ¥IEE
axz By dFdd 4602709 AHE 53k F, A
A8 FAsteE 2l S BX BA oA 6T =
Zgo) Wxerl 48 VISTY fuse alarms FAe

7t
6. 22 Y g5 oF

B =FdAEe VISTOA Algse HE 29 7
AR zoo JFAF BRE 8434 ¥ F9 A
2 s Heo A Adeol AsHe EAE BN
283 VST 4€9 A9} false alarms EAS )
A% PRIXHET deol He Aol 348 A2 A
e oy 7PEE Ak Akshe AEs 3 )W
& ViST-g 7I¥ke & 3l Duyrable W& 2o 7]4&
A& false alarms FAZ NAPcE F3 AlEA k=
=9 HFA BEE %%5& dara Ao A EE
Ao =n A9 H Al 8FHE T} =2 HZ

F5 HAASA 29 Fo HE 4% FYFE a3

_\ln

ob

[oDataset 0 Our NC-index mOur C-index @PRIX @ ViST]

9 300831 3 566308 gf 716390

B X8 88 8 &8

&

The Number of Matches .

o S

<«

Q4

QB Q8
18 12 false alarms o} g A% %)
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