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Abstract Queries on XML are based on paths in the data graph, which is represented as an edge
labeled graph model. All proposed query languages for XML express queries using regular expressions
to traverse arbitrary paths in the data graph. A meaningful query usually has several regular path
expressions in it, but much of recent research is more concerned with optimizing a single path
expression.

In this paper, we present an efficient technique to process multiple path expressions in a query. We
developed a data structure named as the path identifier(PID) to identify whether two given nodes lie
on the same path in the data graph or not, and utilized the PID for efficient processing of multiple path
expressions. We implement our technique and present preliminary performance results.
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1: // Input: root node of the schema graph and 1

2: // Output: result set of reqular path join query
3

4. processingJoin(Node N, i)

5

6 result is empty set

7

8 foreach(node n that satisfies the regular path P; from the
node N)

o result = result U processingJoin{n, i+1)

10: sort the result by first element of each tuple in
the result}

1L return extentJoin(result, extent in the node N)
12: 1}

14: extentJoin(ext, tuple set)
15 {

16: result is empty set

17: S ext = sort the ext

18

19: if (tuple set is empty) {

20 foreach (element e in s ext)

21: add l-ary tuple (e) to result

return result
}

while(tuple set != empty && S ext != empty){
t = first tuple in tuple set}
e, = first element of s_ext
ey = first element of t
while(e;.sp > eg.ep){
delete t from tuple set
t = first tuple in tuple set
ey = first element of t
}
while(e¢;.ep = e,.sp){
if(e,9 PIDJ} ¢,9) PIDY] B

add e¢; in front of t

FEHRABM

insert t into result
}
t = next tuple in tuple set
ey = first element of t
}
delete ¢ from s_ext

}
return result

GRE G2 S8EY R Y 28 8LR8 ¥R IRYRRN

processingJoinol 4] 3&38he extentoin 4= Foh9)
extent® AR AHAE o] &3] Rdle AW B I
< TPk Frolth extentfoine] A WA A= ¥
A AEstiaA} sl ol F Wy Qe I w=x9)

FEES AT dFeltt T owA Azs {((oidy,

ol 8-# tF BHAE AY Y 281

rangey), .. oid,, rangey,)), ..((oid ., range ),

(ozdmk, range )} 2ol FAEY oln extentJoind
R HA AR} T WA ARl T 2 BZe
3‘1 “Mﬂ Lx (oid ,, range ) S FollX] Awd YYo=z
2035
extentE V|E] FEstY 27|v} agze] 7} Rt
A & 4 Yon 2 F$ XMLUoEE E
9} Hld PelE 9Eo)A Hiolg o= o tRrR
9] xE7} JHAE AR AMERRE e gave J1A
Ao zn FAEY A 9o dugdEe FIuP
AT} o] ZQlo) Pt AA Y Agd AFFH
Al BREE s & £ ok

o ok fr

6. 48

£ AP Sk AQR EH HEda 2
BE W 19e AENRE Fo A e 94
4e BTk MBI HEE B 22-indexxH8) ok

O

O 2L ofE ABHIRE kx ¢ev) 1-index
1} 2-index®= A<l A7) vk LxuolElolma AQle]
277 AR e 24 ddo] ok l-indexE
2-index 20t 34 AL =ZVE AAEH[16] mEkA
2-index®] Al Y= E FAde AL 4 1-index
o] MRz E gas= Rl ugo] AXA Dt
=EAME vojg ZAHZE g4ER gm 20
e P AgHMHE Sy Foln AF A
@ g9 gAsiog Ay gdgss
l-index & AHE#THA, 2-index] Az E B
she ZART 34 £2 A% HAte AL B3d
AYelE NASAS HEFuoleH17], AL o]
—‘4 33 diolel(7]F Wuoletel dEl PFsglH|olg}
] 283 "1’4913 =) vlolAe uo|eluoj X
= *}%?Z’i‘:} 3 dlojel & Al 93} dlojgle
g XML”}"—J*—E T slem AP 98 o
HAEE e HEste AEsEth 58 HEE b
°]E}T: Hde] MGE 0NA 2434774 F7MAA 7HA
Al dlelete] =A7)7) Frlkske Al s Agaidoh
Aoz mrda AL A9 AFEE NS
Hrrstgom uiRiEe] XMLHeJEl; o] A
AHgE Hiolelz A9l Egel Z& FEHE slx 1 gle]
Az AdAe Z7)= AA9 Zy)Eo AW 2A A
HAx webd A2 2AEzie] 3718 Asgst 7Ee
1#8HA] gkt
T BRARE AE A9 JA AS AgE A

Mo



282 R R

W PID —eie
witorPID —a—

40000

20000 &

¥l node telched

10000 -

e
500 1000 1500 2000 2500
8 ofrecords tiles)
(a) A9 6.1

25000 |

15000 [

#l nade ieided

10000 |-

500 1000 1500 2000 230
# ofrecords(iles)

(b) 29} 6.2
a8 6 4% A7 - A9 61, 62

¥ 1A 28 - 49 63, 64, 65

dolet el & | ARAdR | RzAws
AA%E g Hlakg
A2} 63 12158 34 6611
Ao} 64 70521 373 40971
A2l 65 3843 56 1284

Fetgem MEAAM HE3 Wy 19 B =Ed4 A
¢rets TS 58 A4E AEshe Y H]
FIFTE B Al AHEF Aoe L3
A9 6.1 select x,y
_*reference._*.(journallother) x in

o

moox
o

from
root, _*.year y in x
A9 6.2 select x,y from _*history x in root,
_*.creator y in x
A9 6.3 select x
from PLAY._*SCENE x in root,
_*SPEAKER.FRANCISCO vy in x
A9l 64 select x,y

A eeletol~ A 29 F A 4

(2008

_*Movie x in root, _*.Year.
(1975(1980) y in x

A9 6.5 select x,y

from MLB._*EAST.player x in root,
_*nickname y in x
A9 617 6.2 NASAS HEgvoleld gt A9
oln A2} 632 | dlojelo] W3 Aojojr} Ao 64
= Al 93} dloletwojzo digt Aol A9 65
< oA wojetwo)zo) glg Aoje)
ag 62 A9 617 620 F AE AHES HoiF
M, ® 12 A9 63, 64, 659 WF ZHAES BAF
I8 694 RSl AR AEzE AMSHA e iy
< 5w A Z2AE HEsr] 984 delel o
e FAsieg dojety Ar7t AQSFE e
AR G2t @ASA FrhEAY, 2 *‘%X}~ ArgtE
WHe AYE vEshe Ao ARt S04 mE
AX & F/ALE Boly Atk R 10N BE AEas
ARGEE W AMESER) e W Aleld] JMALE
AL 7 & AolE Role AL A AE dH
SlEbl WEHE FRE oA o] A7n agx
7t dlolet 2o HlF) o}F A FAH o Foln,
3 19 A9 63 9 S HAE wHe AAY Fr)
ARsel 37| B B2 EAE e Wy
A 2 P Abole] 2 Aolg mAT,
£ =74 ARMEle e &7 a2z 9
Ho|n, I-index®] 7% 27u} 2=} Hote] A
diolet Zelzel Frle d¥Hoz FAA% £
dataguides®] Z$ 7|9 aei=s} Aote) AL ulo]
B} ZefZme) Ar)e AeFoZ FUlg S %liEi o}
B8 A% & 45 BAY 4+ Y % 5
XML oJellie] 2E  Yi(element)B0] ME ©iE
tagEE TAE e B &7)u izs} dolgl
agze] =277t ZolAn, B =FeA Agale why
< dolet 2xE AP PMs= 4 %—%lﬂ e
ZhAeA Eoh AR 99 AFeA T
o529 XMLHCJElE WHEEE 947
2 FAE Yo 27u 2= o
o 28 AV|E wEo{AA "
Holet 2ejxE BasA gonz Ao A A
‘3} ajze] 37 + A% A9 M)A olste]
& 7HAA He A BAse mEld 27| o
4 277} dojet z8ixe] A7|RT ZA) PAE
2 =29 e I 5% Hs5e 29

=3

from

=
=
o
2
al

oL

r{o

].
ole}
2

2

I‘

fr e % _I\‘n l>‘ o &

7—0-, T
o S
ﬁi%T

32



A=

i

7.8 8

AMARE 727} DAHA e vlojgl] g 2
o frédtiz F5AQl myel & 4 ok 53] o8
o] e Fe(R9] )= BAY dojeho) A
o] 2 Agirgoht FasAW off = Ao} HH s}
o thgt A7 e olF Aok E =FdAMEe A2 s
3 wlolel 2= Ul9) Qoo F == Alolo] HE2s}
ESAEAE 44 & & e WHE Aoy =
AEAe} JYE AF)ulE o] &) o) o) Aol T
e s dolg zulzE wAsx gu ggHon
A 4 de WYL AT 282 4898 E3HS
=R Agsts dnEEy $48 Bk

2 &M AFsie gL e A7ER 4 A}
|50 B 5g&AQd Ao Az ¥yg AT + A
o dE B0 [11,12] 59 WYL F3) A9 He oA
SA A A FA22S HEF Fo Ao AE Fo
29 9 4%5E F4ND F Aok

£ =®dME dHolg 1ymst AAEE A A=
HEARE S s e ANEAT A
telele] Aol o= oz BIA =Hi(skewed)
3¢ dolel 2= AA o ol FzZAEAte Bal 7
Zrol ol A dAdh. wWEtA dlolelrt WMElshe 730
A AREEE7] fEiMe AR AdxE HAYdew §X
e & o 23 W i3 97 gasith

g1 Es

—

[1

[

Serge Abiteboul, "Querying semi-structured data,”
In Proceedings of the International Conference on
Database Theory, 1997.

[2] Serge Abiteboul, Dallan Quass, Jason McHugh,
Jennifer Widom, and Janet Wiener, "The lorel
query  language for  semistructured data,”
International Journal on Digital Libraries, 1996.

[ 3] Sara Baase, "Computer Algorithms. Introduction to
Design and Analysis,” Addison-Wesley Publishing
Company, 1988.

[4] T.Bray, J.Paoli, and  C.Sperberg-McQueen,
"Extensible markup language(XML) 1.0,”
Technical report, W3C Recommandation, 1998.

[5] Peter Buneman, “Semi-structured data,” In
Proceedings of ACM Symposium on Principles of
Database Systems, 1997.

[6] Peter Buneman, Susan Davidson, Gerd Hillebrand,

“and Dan Suciu, "A query language and
optimization techniques for unstructured data,” In

Proceedings of the ACM SIGMOD International

Conference on the Management of Data, 1996.

HAE o] &3 tE AFAR AW 283

[7] Robin Cover, "The XML Cover Pages,” http//
xml.coverpages.org.

[8] D.Chamberlin, D.Florescu, J.Robie, J.Simeon, and
M.Stefanescu, "XQuery: A Query Language for
XML,"” Technical report, W3C Working Draft,
February 2001.

[9] "The Internet Movie Database,” http//www.

imdb.com.

[10] ADeutsch, M.Femandez, D.Florescu, AlLevy, and
D.Suciu, "Query language for XML, In
Proceedings of Eighth International World Wide
Web Conference, 1999

[11] Mary Fernandez and Dan Suciu, "Optimizing
regular path expressions using graph schemas,” In
IEEE Internaltional Conference on Data
Engineering, 1998.

[12] Roy Goldman and Jennifer Widom, "DataGuides:
enabling query formulation and optimization in
semistructured databases,” In Proceedings of the
Conference on Very Large Data Bases, 1997.

[13] John E. Hopcroft and Jeffery D. Ullman,

"Introduction to automata theory, languages, and

computation,” Addison-Wesley Publishing Company,

1979.

Quanzhong Li and Bongki Moon, “Indexing and

Querying XML  Data for Regular Path

Expressions,” In Proceedings of the Conference on

Very Large Data Bases, 2001.

[15] J. McHugh and J. Widom, “Compile-Time Path
Expansion in Lore,” In Proceedings the Workshop
on Query Processing for Semistructured Data and
Non-Standard Data Formats, 1999.

[16] Tova Milo and Dan Suciu, "Index structure for

Proceedings of the

[14

path  expressions,” In

International Conference on Database Theory,
1999.

[17]) "Astronomical Data Center,” http://tarantella.gsfc.
nasa.gov/xml/.

(18

Svetlozar Nestorov, Jeffery D. Ullman, Janet
Wiener, and Sudarshan Chawathe, "Representative
objects! concise representations of semistructured,
hierarchical data,” In IEEE International
Conference on Data Engineering, 1997.

[19] Dan Suciu, "Semistructured data and XML,” In
Proceedings of International Confernece on
Foundataions of Data Organization, 1998.

[20} Dan Suciu, Mary Fernandez, Susan Davidson, and
Peter Buneman, "Adding structure to unstructured
data,” In Proceedings of the International
Conference on Database Theory, 1997.

[21] W3C, "XML Path Language(XPath) 1.0,” In W3C

Recommendation, 1999.



284 FRAEE =8A) v olet o] Al 29 A Al 4 5(20028)

©
1998 gEastr|ed W4iEta SAL
2000 $=rstyed @Aabeta MaL
20008 ~ A Heuistw AFHIH
2 oeabd, #Eoks XML, HolH
Hjo) A

4%

e A

19959 azgelrled ANSH st
§. (B.S). 1997d AMedigtm  Ansin
©AMAHMLS.). 19979 ~ 84 Agistm
ARt vt

287
1982 MEistm AAALISI(EAD.
1985%d Univ. of Texas at Austin(4]
AD. 1988 Univ. of Texas at Austin
(gAh). 1988 59 ~ 1983d 94¥
Univ. of Texas at Austin. Post-Doc.
A 1988 99 ~ 1990 129 Georgia
Institute of Technology(F24). 1991d 1€ ~ ] A
+WEgw HFE T ag




