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Abstract

Extended path expressions are used to denote multiple paths concisely by using ¢*’ charac-
ter. They are convenient for expressing OQL queries to retrieve XML data stored in OODBs.
In this paper, we propose a multi-path index scheme as a new index scheme to efficiently pro-
cess queries with extended path expressions. Our proposed index scheme allocates a unique
path identifier for every possible single path in an extended path expression and provides
functionalities of both a single path indexing and multiple path indexing through the compo-
sition of index key and path identifier while using only a index structure. The proposed index
scheme provides better performance than single-path index schemes, and is practical since it

can be implemented by little modification of leaf records of a Bt -tree index.
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<! DOCTYPE book [
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<! ELEMENT chapt er (title,author*, body*, section+)>
<! ELEMENT section (title, body*, subsection+)>
<! ELEMENT subsection (title, body+)>
<! ELEMENT body (paragr|figure|table)>
<! ATTLI ST body nmdate #CDATA>
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[figure ]
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Algorithm 1 3 2 A5 dgsle duzF

: Input: XML DTD, p : extended path expression
: Output: (p)

1
2
3
4: if p is a single path expression then

5 e(p) « p;

6: return

7: end if

8: e(p) « 0

9: Py + pre_path(p)

10: P,. < post_path(p)

11: check validity of path Py and P,

12: from < tail(Py)

13: to < head(P;)

14: initialize stack

15: search_path(from)

16: assign a serial number for each member path in e(P)
17:

18: procedure search_path(e)

19: if e is leaf element then

20:  end procedure

21: end if

22: push e into stack

23: for all ¢ € child(e) do

24:  if ¢ = to then

25: e(p) < e(p) U { concatenate (path in stack, c) }
26:  else if c is element then

27: search_path (c)

28: end if

29: end for

30: pop stack
31: end procedure




book.chapter.title - PID : 1
book.chapter.section.title — PID : 2

book.chapter.section.subsection.title - PID : 3
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| record header [ key value | # paths | (PID:, #0IDs, OIDs) | --- | (PID,, #OIDs, OIDs) |

I 2 v AR dE s oY k=9 HAE FE
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FAbE= g A o] AA] A|EAE ofu]gte]. d ¥ A= mdateo] gho|t}. ‘Books’Z F A ol
A A& book Fef~o] BE Ao tfgk AA]| AHAE FA LA Y= book FEf2] o/ 2EIE A
AHlo] L 013} 02+ 217 book EFY) o] XML A & x| Zehs FE 840 o sl A o]ch oh52
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e P; — book.chapter.*.mdate
e D; — backward

e H; — book

o T; — mdate

e FE; — book.chapter.body.mdate,
book.chapter.section.body.mdate,

book.chapter.section.subsection.body.mdate
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— book.chapter.body.mate — PID: 1, n: 2
— book.chapter.section.body.mdate — PID : 2, n : 2

— book.chapter.section.subsection.body.mdate — PID : 3, n : 7

—

o dYx o o el nE Yy A - 2 e FREE A gk EolE Gl 4 £ o
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i

1. PID 1 of sj5tshis win] Az o] 7|3k Zode] Fto] #& 2&e o

(2000:01:01°, o1), (‘1999:11:03’, 02)

2. 2o A FEH AAE thF F2 A 2o] Hle Foll AYE = ofs F 2 dg29] o
Y IZEE:
(‘1999:11:03°, 1,(1, 1, 02)),
(‘2000:01:01°, 1,(1, 1, o1))

3. PID 2] a3} wulof chal] $]2] PID 1649} 2L 7L Az £ c}5 Hzold)

2 o AEE:
(1999:11:08, 2, (1, 1, 02) (2, 1, 01)),
(‘2000:01:01°, 2, (1, 1, o) (2, 1, 02))
4. PID 3] sl gél= 2ol diel 2loAef 22 A& A o] F2] tfps F2UP 2 o
2 e 25 (5F):
(1999:11:08°, 3, (1, 1, 02) (2, 1, o1) (3, 1, 1)),
(2000:01:01°, 3, (1, 1, 01) (2, 1, 02) (3, 4, ol ol 02 02)),
(‘2000:02:01°, 1, (3, 2, o1 02))

)

~F3 A9
74 dure wY k= PxE

H 29 e gy = Fxo4] fpaths 2 PIDy(k =

z
1,...,N) 2 #0IDs F=& A3 Ao 2& Fxolr). 28] @Y HE ¢erojnz 33 7

5.

2o 7 s F2ol o st e rs} YHH 7 H2HE Y dure B HA=E
EFE o e
e book.chapter.body.mdateo]] el 3 ¢ldl A

(1999:11:08°, 02), (‘2000:01:01°, o1)
205 Az o g aee A Fue Akt e
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O roi
Q PID2 chapter

Q PID3

section

subsection body
subsection

body body

(67)1999:11:03
]

2000:01:01 02: 01 €19 2000:01:01
©) )

1% 3: XML £45 OODBo|| A3t o

e book.chapter.section.body.mdate of] tf gt SF eldl A

(‘1999:11:03°, o1), (‘2000:01:01°, 02)

e book.chapter.section.subsection.body.mdate of] th3F 53 Qld A

(‘1999:11:03°, o1), (‘2000:01:01°, ol ol 02 02), (‘2000:02:01°, o1 02)

4.3 ©oF Az dze] FA 9 A Wy

BE 750 A2 JAUE o] A7) v Axol o A AMAE Fopdnh. 2elm v F
% F)zken F7 = HE WY mEE HE oS, 7133 AR AEA Fo] AxekE AA
A ke sk Do) 41 F 28 o FAE vhehd Zoln the-e o] Aol that ook,

it

AA 3 oA 20)4] LT FE 2 dd29} 2 39 vlo]Eu]o] ~F o] &3le] c}ee] F Ao
2 Azlsle A olrh.

1. select b from b in Books where b.chapter.section.*.mdate = ¢1999:11:03”;

2. select b from b in Books where b.chapter.*.mdate = ‘2000:02:01;

H W m) Z oo &o] A&l book.chapter.section. *. mdate2] Z & o] Xl E = book.chapter.section.body.mdate2}

book.chapter.section.subsection.body.mdateo] 11 & =]+ PID+= 22} 3o] Ec}. u}g}A] F o7 mdate
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Algorithm 2 t}ZF Qldl A o] HA o4 yeE|F
: Input: key(key value), pids(set of PIDs)

1

2

3: traverse index nodes using the key in the same manner with BT tree.
4: if key not found then
5:  return
6: end if
7

8: r <« leaf record having the key
9: s« 0

10: for all PID in r do

11:  if PID exists in pids then

12: s < s U OIDs corresponding to this PID
13:  end if
14: end for

15: return s

Zhel 1999:11:08°0 2 Qlel A5 FHAG o, Bt == Fol| 4] 7]gko] Y3} PID7} 2 i 3o]
~ A D)o ol & A

_‘,:__
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Algorithm 3 t}& Qe ~ 9] Aol G4y &

1: Input: key(key value), objid(OID), pid(PID)

2: traverse index nodes using key

3: if key found then

4:  append objid in OID list of corresponding PID

5: else

6: allocate a new leaf record, and insert key, pid, objid
7: end if

8:

adjust tree strucutr in the same manner as in BT tree.

Algorithm 4 t}3 o4~ 9] A A 48| H
: Input: key(key value), objid(OID), pid(PID)
traverse index nodes using key
r ¢ the leaf record found
remove (pid, objid) pair from r
if given pid has no OID then
remove corresponding (PID, OID) pairs
end if
if given r has no OID then
remove 7 from the index
end if
adjust tree strucutr in the same manner as in BT tree.

— =
= O

13



05 A2 oduat B4 QY ash go] AYH Aol ol 7zt Aze] Bol slFet A
o A WAL A5 WAl Tk webA AA S FE WA AL, AA] Ee HAHE 7

Folle TA A2t T A e AATE doid AA HR FES A St AR g
W7 ARE Tt 1AL A Ao whedstolof ghrt. o] HA HalAE FZ B [6]o] e
k.

14 &5 Az AYx

AR A2 FollA A2 g|gro g AA AEAE AbSske 9ol AT
ol ~ (identity index)’ [15]2} 2 e}t A A A A A= HEZ A AL §F Bl s dst=
AA S AA AMEAE 7|ZFo 7 51T o2 FZE A 2] A AHAS el A0 EolE FHoE Alg
st Afolrh UA e 2 F2 vhg Ao} Fo] Al HA mdo] 84 AH EAA] gt

A 2AE L3alE 4 3ol g

I o
2
[
)
i
fjt
e
Y

AA 4 AHE Fol 4 BE W hed] XML olehs EA9E Edshn b AF F4s)eh
select b from b in Books where contains(b.*.paragr, ‘XML’);

paragr AA = AA S BES HehlE A0 A o2& YHHOE 54 ~ 59 7 o] 4] who] 2
T = B AE (text)o] T} o] B, paragr AA = 1 27|k o4 A et A s 9|
oz Agalrlel s FATalTh weka of wli paragr Fe2ol Sals AA S AR AEts)
sl Aok B F Book A A ) AA AMAE Aoz sz AA QWA AU 2E TG L)
T oubul $oh 2e Ao} Foll A% vhes 2e Ao AeE A2l 4 ook WA Lo A
2)7] & paragr S 2] Sobe AAE BF At XML £Red e E3obe 4SS B,
a2el% 59 AASY AA AEAZYE 32 BAZ 929 Book AAE ) ol

Books.* paragrel sl 44 W A AW 2E AHEshE AN H5E FAAL St 9k

2
o
i

B ol A YTt ke 2 ARG &4 golk HAEst B Grel A|uE £

J

bt &
My
¥
o
fru
rO
g
[
=
o
3
ko)
=
=
=
ol
D
NaX
frd
oxl
1o
ol
£
s
jg
'|-'
£
fru
4:
mE
.5
N
o
o
r
X
é,
1o
APy

4 groluh MlAEE )2 AgakE AH 2T G dYA(value index) 2 FEEAT 6}7]4] FB3

Aol ).



5 As H7}

of el He el B AR Alel el ohE A AU AS AT Aux g ol Ao B

28 4= Ao 24" HAZAS O0DBe ~A7|u} e & LJelA Aolth. 28 C= A7)u}
AR A F el Cpe 270t A2 & Se2ela F FHWE Atolol= N7j M= o
W A Z7} EAFTh kattre QU A0 92 ALEEE 0,0 Aot &, B AP g AR
Ci. x .Cp.kattre] tfgt Qe A A5 et &

PN
~
1S Agel A4H AREL etk $H Qe

O~

et
>
o
:.‘L
X
oo
o
=
)
o

T AE A 2] gl
v Az Aol Aol shte A antg At e O 2ol &3l AAE] N0l
th fe HEG W-okxo A Zr A AR Al Cp o AAZHFE dA=E FH2 08 AA 9
NG, & AR QA A9 A4S ebdinh webd N =8o0]x f =109 W= C, 9] 3 A A o tha)
87 Mz ot & W F2rF Exsta ZF g B2 e tfs 107048 9 AA 7 A E e deS o]
gt whebA O A A shutel] 25 8072 Cp AA 7L AR "t whet] Ay A} o] Oy SH =
of &3k A A 7} 10007 o] 2R S AZAH O, AA = ZF 80,000 7} 7} "t k2 73k kattr ]
Azl kr& 713ke] FEEE et e ALz A T 73S 2be Cp AA & AFE 2 v g
rqr 713ke] AA W el g Ao dq o MY E vhebd Holr}.

AG A &
c 1000
kl 8, 64
N 2,4, 6,8, 10
f 1,5, 10
kr 1, 10, 100

rqr 1%, 5%

15



o000 —
PID- 1

000 ——

PID-2 kattr

o006 ——
PID-N

2% 4 AYe| AH2H O0DB 27|} 75

AL 7 A §-oll oa MPLet GNI9| x| 4 &3k n]-g-(storage cost) 7} 34 A

ofr

(look-up perfor-

2 FEsted vlastgeh. DA A4 Ak Foial s)gkel PHs] YA shiz(exact match) 7] grkE
AAsHE Zolx 4 A Ak 9 W9 Azl AFete AAE A sk Aol HA A
s HlaE 7 dE s I da ddd A AabE FRsted 289 XS V1€ R s
MPI¢} GNI: t}&3} o] FA €t GNIS A 9ol = Fe 2 CRRH &4 Cp.kattrol] =28
T Ue BE e 27|n AR N NS Awk AR Hel A2 FA AR AE AHS-gTt whet

1
o RE YaE 2 SYA Haa AIUE(ASD dolxE Al Ao zH A

delxof &3lE R=Eo] A7 F8 28 ¥ (clustering) 5= F st}

5.2 Ay Az

28 5= A Ax YA4E dWASe] A sE tyaAz BIHe 7)9 =)o wreb vhebd A o))
kr =181 gl MPLQlel 2 w4 o] GNI Ao §e A% 208 A sk 23 MPIe|
= HAZE7F GNI WA S gtk k= gFsnic) 27] el o Be 9 Qe A gt =
2 A}g5b7) W&ok 2} o9 e AT Aol 79 Z|7t F4Z(kl = 64) Fol=
6 AL 719 2717k 2 Aol MPIS| ©d k= |2 =9 GNIe| @t el 229 27]9) 3
7 A o m Fol S wlEolth kr = 10 Ei 1009 ASAH FEE slgho] We ALU5E
MPI #H4jo] o 2He HAEHE AealA B 1A MPIe| 49 o o) 2= ajfo] o e
o] LolE (AR AMA)E Aty W e POz o] L Fof that L= 2 AhL3 A § 7
W Zolch o]#at AFE 13 5(b)ollA] BEo] 713t 277t 2 Ao e 7aA ehA =

16



1000 3000

900 MPI- kr(l) “— MPI-kr(1)
GNI-kr(1y "o
2500 1 MPI-kge10) ~+ 1
G r’fr'l(lej -
g g i 1-krf100) =— |
2 g 2000 GNIkr(100) -&--
© g —
S = &
@ ¥ 1500 | _
2 S g AT
- « 1000 | =4 _
’ T
500§

EE TESE 7138 Nt weld s E MPIVF A4 &

I 62kl =8, f =109 ZH$o N3 €x AN A AF FHr7F 245 vebd Aot AF
NAE |3t Ao x F413 AHE Rolm HTsgdrt 28 6& MPI/F RE 7|3k 2%
ool ARelol 4 o FE ASE Bolnl T3 A A2 A el B S Aol Aols)

T A A A S dH A wolol dFE W] Wl &

%0
T

o
W
e
L

r
=
)
—
N

—_

_l

}
r_?llt
Y

Wk o) AL 79 £H 57t AL4E MPLE GNI B} o] A2 749 bt w28 YAstez
Aol g Aol Bgel ) s okste et w=9) A5k FolE7) ol 719 FHol glE
kr=19] 7%= MPI7} GNIR o} @& o] & =8 AR-ghell = &6k bl = 8,rqr = 5%9]
A2 A 9stn= MPIZ} o 223t %S Jebdich o]z gk dAre M

GNT nic} ops o] W& §9 &2 =
A% Y 9557 o Ao Brsch v GNI:
B% w37t gejzlch 2o,
ced kst Aubg o ® GNIR o WEs

0.8.
12
i)
1o
Lo
aE
Xo
N
A
i)
o~ =
Jp
iy
)
[
_V\l
ot
o
lo
&
=
I
Lo
o)
:1%‘_
m{)l
'J

ok
e
(L
)
br
[
1o
B
)
iy
2
T

7) W ol e}, o714 7



0.004
MPI-kr(1) %é
0.0035 | GNI-kr(1) -9z~
MPI-Kr(1Q)
__ 0003} GNI-g#0) —+
S MPEKI(100) -B—
£ 0.0025 } '_‘,,GNI kr(100) -&--
2 =
= 0.002 ¢ -
B
% 0.0015 | - 1
¢ o001t 1
0.0005 ;/g/e—e/
&
2 4 6 8 10
# of member paths
(a) kl =8
2% 6 WA AN A5 ua
A FEaof & HL 713kl Yol FEH Fel 2 A AE A of st H$ MPIE 779 o

d2E A F S e AaE Wisteiof st Aol dasiote Aeoltt. o] ARl A=
MPIe] 7 23 ol A A" £8 A]zkE o} 2 5tA & Zojrh. 2 A¥e 25
A lEants e s stglov & A9 i Aede 718 FEEV AAER F H
27t Y% fel @ Aoz detbE

1% 82 MPIS} GNIE ‘&4 HE Qe 2’2 Abg3 Ao ta] 452 wad Holr}s. o] A
T dYx A2 G R Cprell s gdteh. el AA AEAE e g2 Ahgstez ki =82 A
At el o] AL thrhs2] OODBeo A Abg-3h 7]9] Z7]e]eh. 3 L o|F & kr = 1ubE A}
<+

fin)
53
Mo
>
rﬂw_/
o
m 3

o
3
rﬂ
o
1o \
=
N
)
X2
N
2
™
=2
e
R
ni
rﬁ.
r'.?l,
oX,
ofr
(d
o
)
2]
r_?llt
oo
o fru
2

ko]l Aol AE 13]9 o
A A QAsbol o3 e vlast ARt o)W Ao AE wiH oo e a J|gH(EE A A 4
E 32l Felrh o] A2

& 1A 0.1%, 1%,
o] A B%o] delgo] Agtglo] of = Abghol A1} MPI

g
N
=
o
oY,
=
ok,
fr
e
ﬁ’
oY,
=
re
23
o
—_
(e}
[an)
E
—
F)
(=)
o
E
—
=
(e
(=)
o
E
¥
og\g
r_?llt
i)
X

=)
)
Ay
e

s
L
dlo
i)
i
Mo
P
L
2
rO
fo
rO
2
M
rO
ph)
|o
fru
5=
i)
cirt
v
AN
=
3
e
rO
@
[
et
ok
£
2=
o

of Mol A4 Ho] 9lE Th5A S FolT Lol whek A Aol HE A Ao

3 z2se 21 24 Y(log scale) E A= o] glch.

18



elpased time (sec)

elpased time (sec)

0.06

0.05 |

0.04

0.03 |

0.02

0.16

4 6

# of member paths

(a) kl =8, rqr = 1%

0.14

0.12

0.35
MPI-kr(1) -o—" MPI-kr(1) -o—-
GNI-kr(1) S~ 1 03} GNI-kr(1) - ]
MPI-kr(10) == MPI-kr(10) ~+—
GNI-Je(10)"- —~ GNI-kf10) -+
MPKKr100) -84 g 0257t MPI-kr{100) -5— 1
RNIkr(100) 48 @2 GNJkr(100) -8
=y @ 02t 1
g )
g o015}
] 0.1 f *
8 10
# of member paths
(b) kIl = 64, rqr = 1%
0.9
MPI-kr(1) MPI-kr(1) o<~
GNI-kr(1) - 3 08| GNI-kr(Ly o ]
MPI-kr(10Y " 07l MPI-kg(10) —+— |
GNI-Kr(£0) .~ 1 —~ : GNIKr(10) -+~
MPIfi00) 8—.+  Q 06 | MPI-kr(100) 58— |
GMKr#100) & ] @ : GNiI-kr(100) -~
7 °§’ 0.5 1
°
Q
[72]
©
2
()

(c) kl =8, rqr = 5%

elapsed time (sec)

6
# of member paths

8 10

6
# of member paths

(d) kl = 64, rqr = 5%

1000
MPI-0.1% ~— &
 GNI:2967"
00F - N3 |

0.01 s 4 4
2 4 6 8 10
# of member paths
298 &5 A2 QYa 4y ulm

19



6 ZHE

22 OODB7F XML dloleje] A4 ZA 24 2323 gltu, XML doleje] s 24 7|&
OQLA A= AFahA el 7152 33 AZAE A4 5 vk £ = Rel A 33 F24e

3
Fohe Ao 4B FAANL 5 A A2 AU2 IPHOE BF A QE 2 Py Aleksy

UE AR QUi 33 A2 74 e Aol ol AR AMAE YFeta BHosele @

T = HIEE HAAA tbF AR 3 AW A7 M5 S stk o AR Y A s 2
ArAon BEE Ao tat A A FAAZ F Adnk B3 22 AHEEHT ode BT-E
2 & A FAA 1 AHEE F gl RS A2 Aol W FIhEQ FAIA Ao 7| o]
U 2 3% sie] o gloer® AgAo] $4sith B o] AR W A9 AE SEA
o2 AFFoEN Add 2 Hejr} Golsta FF Az eat ofet Y] HE A AN V)5S
ATE 5 dom AR AEAE o] &3t WA A= QY a, ASRI 2 7E9 @y A=y

FFol &= DTD thol Abo] Z(cycle)& sk Aol gt A2 75 (HlE FE Aol F
& A AFALE FoH ARAG BT AU x )5E AT S A7 DD el Gol
o}

F3 ¥
[1] Neil Bradley. The XML Companion, Second Edition. Addison-Wesley, 1999.

[2] Alin Deutsch, Mary F. Fernandez, and Dan Suciu. Storing semistructured data with stored. In
Proceedings of the ACM SIGMOD International Conference on Management of Data, pages
431-442, 1999.

[3] Vassilis Christophides, Serge Abiteboul, Sophie Cluet, and Michel Scholl. From structured
documents to novel query facilities. In Proceedings of the ACM SIGMOD International Con-

ference on Management of Data, pages 313-324, 1994.

[4] Poet  Software  Corp. XML - The Foundation for the  Future.

http://www.poet.com/products/cms/white_papers/xml/index.html.

[5] Zhaohui Xie and Jiawei Han. Join index hierarchies for supporting efficient navigations in
object-oriented databases. In Proceedings of the International Conference on Very Large Data

Bases, pages 522-533, 1994.

20



[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Elisa Bertino and Won Kim. Indexing techniques for queries on nested objects. IEEE Trans.

on Knowledge and Database Eng., 1(2):196-214, 1989.

Alfons Kemper and Guido Moerkotte. Access support in object bases. In Proceedings of the
ACM SIGMOD International Conference on Management of Data, pages 364-374, 1990.

Jayavel Shanmugasundaram, He Gang, Kristin Tufte, Chun Zhang, David DeWitt, and Jeffrey
Naughton. Relational databases for querying xml documents: Limitations and opportunities.
In Proceedings of the International Conference on Very Large Data Bases, pages 302-314,
1999.

Daniela Florescu and Donald Kossmann. Storing and querying xml data using an rdmbs.

IEEFE Data Engineering Bulletin, 22(3):27-34, 1999.

Kien A. Hua. Object skeletons: An efficient navigation structure for object-oriented database
systems. In Proceedings of the International Conference on Data Engineering, pages 508-517,

1994.

Ehud Gudes. A uniform indexing scheme for object-oriented databases. In Proceedings of the

International Conference on Data Engineering, pages 238—246, 1996.

Tova Milo and Dan Suciu. Index strucutres for path expressions. In Proceedings of the

International Conference on Database Theory, pages 277-295, 1999.

Alfons Kemper and Guido Moerkotte. Access support relations: An indexing method for

object bases. Information Systems, 17(2):117-145, 1992.

Roy Goldman and Jennifer Widom. Dataguides: Enabling query formulation and optimiza-

tion in semistructured databases. In VLDB Journal, pages 436-445, 1997.

David Maier, Jacob Stein, Allen Otis, and Alan Purdy. Development of an object-oriented
dbms. In Proceedings of the ACM Conference on Object-Oriented Programming Systems,
Languages, and Applications(OOPSLA), pages 472482, 1986.

21



