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— Data comes from persistent (disk-based) storage
* First load, then query
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o &" ("WNA<3#/HLICEHSN02BI/ 2 (W 0##™
o F_(h.3/4( - =0>N66> HI76L-9M I 8IGENIL 1 8H6LOPMI 8]







5 B<3H/ A=/ . SHIN*=+>#* " 0%
SIT7

DH#/202(#* (42( . /#D "At first sight"
* L UTI™ Jo | WK Fast processing of incoming
6. ++0*HITH" /SE0Q0™ +4 4 ocuments
i *+ i 0*+% w >(0@0(4 Web service me.ssa.ges
QM W=/ 135(N Workflow coordination
— —(/3>(3HLH: (¢ Many small documents to
S1._>3, #*(" (0. *(#CAN , "+# process
sk (" (0. * A5 0 (B ("W In-memory, programming

language approach feasible
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5 6h<3#/ 4=/ SH?N*HD>H*" /).
ST

DHA/ 02 (12( . 14D "At first sight
O#" (0#/ Lighter
- Faslom. "1 May blend easily into a
XMI&N ) -bt . . 10#? programming framework
— =H(T (Y, #H= N4 In real life, there are not just
— 23#/4h.=(0,0Z"(0.* databases
RN
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XML document:
DS Query: //a/blc
<al1><b1>
<c1/>
<c2/>

</b1> LI
<b2>
<c3/> LI
</b2>
</a1>
<a2>
Sc

<c4/> Create 1 stack per query node
<b3/> Stacks are connected following

</a2> the query structure

</r>
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

XML document:
<r=> Query: //alblc
<al1><b1>
<c1/>
<c2/> traversal LI
</b1>
<p2>
<c3/> LI
</b2>
</a1>
<az> \
<cd/> Travgrse the document sequentially Sc
<b3/> and issue events:
</a0> Start element x / end element x / text s
</r>
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 1314 15 1617 1819 20 21 22

Query: //a/blc

)

Sb
Traverse the document sequentially Sc

and issue events:
Start element x / end element x / text s
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
3 4 56 78 9 1011 12 13 14 1516 1718 19 20

[ When pushed, Query: //alblc

On begin element x: matches are open
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack;
connect it to the

parent match Sa \
On end element x: Sh
If there is a stack for x
Then if x is on top of the stack \ Sc

then if x lacks some required children
then pop X, possibly some desc
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

On begin element x: Query: //alblc
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack;
connect it to the
parent match
On end element x:
If there is a stack for x
Then if x is on top of the stack

17
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

i

On begin element x: Query: //a/b/c

If there is a stack for x After end element,
Then if the element appears a match is closed

in the right context
then push it on the stack;
connect it to the
parent match
On end element x:

Sa \
Sb
If there is a stack for x
Then if x is on top of the stack

then if x lacks some required children
then pop X, possibly some desc

10
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

On begin element x: Query: //alblc
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack; al
connect it to the

parent match Sa \ b
On end element x: Sh
If there is a stack for x
Then if x is on top of the stack \
then if x lacks some required children
then pop X, possibly some desc

W
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

On begin element x: Query: //alblc
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack; al
connect it to the

parent match Sa \ b
On end element x: Sh
If there is a stack for x
Then if x is on top of the stack \
then if x lacks some required children
then pop X, possibly some desc

Y|
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

Pt 1

On begin element x: Query: //alblc
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack; al
connect it to the b2

parent match Sa \ b

On end element x: Sh
If there is a stack for x

Then if x is on top of the stack \

then if x lacks some required children

then pop X, possibly some desc
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

T 11

On begin element x: Query: //alblc
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack; a2
connect it to the

parent match Sa \
On end element x:

If there is a stack for x
Then if x is on top of the stack
then if x lacks some required children
then pop x, possibly some desc. @ ‘{:

There is
no open
b match
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

On begin element x: Query: //a/b/c

If there is a stack for x

Then if the element appears
in the right context

then push it on the stack;
connect it to the

parent match Sa \ b3
On end element x: Sb
If there is a stack for x
Then if x is on top of the stack \ Sc

then if x lacks some required children b2 < > c3
then pop x, possibly some desc @ ‘{: 2
‘—<: cl

71
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

On begin element x: Query: //alblc
If there is a stack for x
Then if the element appears
in the right context
then push it on the stack;
connect it to the
parent match Sa \
On end element x:
If there is a stack for x
Then if x is on top of the stack
then if x lacks some required children
then pop x, possibly some desc al ‘{:

No child
in the ¢ stack!
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<r><al><b1><c1/><c2/></b1><b2><c3/></b2></a1><a2><c4/><b3/></a2></r>
1 2 3 4 56 78 9 1011 12 13 14 1516 1718 19 20

On begin element x: Query: //a/b/c

If there is a stack for x
Then if the element appears

in the right context
then push it on the stack;
Sa \
Sb

connect it to the
parent match
On end element x:
If there is a stack for x
Then if x is on top of the stack Sc
then if x lacks some required children b2 3
a1 <<:

then pop X, possibly some desc. < c%
C
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auctions O
item —Jid="item1" item() —lid="item?2"
name () description () comment() name() description O
"Gold pin” "Remarkable Surveillance
draqgon camera” .
textC parlistO brogch" textC parlist
"8 channel”
"Art Nouveau listitem() listitem(O listitem O
gold pin”
parlistO textO textO
listitem() listitem() "also pendant”

"Video recorder,
textO textO 8 dome

"Circa 1900" "Large diamond" cameras"

-] 7]
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F . L1 1014 (0(4

Jh(4=#%_B* . 1#?;51 . >3 , #*(lelementfiattributelitextf!
namespace, processing instruction, comment [XQDM]

Element, attributefi*"  #7=">#tHc* . T#AE " 0 "13*0<3#)
114 (0(4

SEME , c&4™((/ *" , #W1#(H/ , F#" (/0" AS#i=
key issue is element identity
— (%Y, #, A= S8+ ID(E#= L0 (#M?(E#C&D

— Persistent stores: must materialize some
persistent IDs (not necessarily for all elements)
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auctions

2 ——id="item1" 16 —Jid="item2”

17
4 commentO 15 name description

name () 3 description

"Gold pin” "Remarkable Surveillance
dragon camera” _
text brooch” text() 19 parlistO 20
"8 channel”

"Art Nouveau listitem() 7 listitem() 13 listitem ()21

gold pin

14 text()22
11 "also pendant”

"Video recorder,
8 dome
"Circa 1900" "Large diamond" cameras”
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[#: (%* J1#7 ="jitem?2"
price
6HOMINIS3*>E .8 P00 TSurvellance
?( /0*_|_? text
GHAY ;2 (/1*+2A5*3 , $H/ e toms
$ _MERF? textO
BHOANT IS " +24 . BIC . /1K oo reed
*3 $7’-7'E/7K0 $ AETF 8 dome |

cameras”

[E02H022(0M 520 , =NB0>" (0. *
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— H®/#*(Y>SERLY#" (0. *?E0=S#(CHA* Ik , #*(?
— DNC*#/?7EI=Di/AA™ (0. *?2E0=PSH(CHE™ " >kt , #*(
16" 4" (13 (#
— DI#: (40" A3#DWH#A" (0. *?2E0=S#(CH#* gk , #7 (%" > 1)
(#:(
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* 1#7

auctions O

item(O itemO
17
name (O description O commentﬂ) name? description O

textO 5 parlistO O

Element 1 is parent of elements 2 and 16
Element 2 has the attribute id="item1"
Element 3 has the text child "Gold pin"

87
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CH#?

F . LHM™"*15) 611 >3 | #*( =#" N0 " HCAMY LHR0*# 1
(.("M_/1#/

(b, 32(ISHH= . 2ASHE( WA (IHEH(E0 . 18/

name (J 3 description () 4 comment() 15 ltem name

"Gold pin" "Remarkable _before o
dragon item description

brooch"”
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& >3, #*(12(/3>(3/# al*@" /0" *(PMi="/(0>34" /}
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D AR /0T (MM . LIS 3N AL (TUBS3 (H(E A4
OE . BALHH  IM L MS(AE T Lhg L

&[&MB) Bi->E# , "2 [HH(E#IHISI (KL .1 - (W =/#22" M
LH "S> . *2(/*1%(?

Q. , =Ml * (/I (A<= > [HB . i3=1" (#?
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(LT, 1B /55 6

[E#44" [Hi1#(#/ , 1F#11%4;

o 1T("H, J1#NH(3=ME? L IM(/HH?

. B/™+ , #7%(" (0. *¥2 (/" (B#+4%ab>E . 0># . BH*@ " /0" *(
— Choose some property: node name, node path,...

— Group together all tuples/trees that have the
same value for the same property
E.g. table A contains all A elements
E.g. collection C1 has all trees on path /A/B

— Store each group in a separate structure
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o —(./H#H5)64L.>3 , #* (" M0AM0*h(# - (B0 ./
96hN?

o MEL®?2(8 . /%2(. /07 +h" * Lh/#(/1#Q0*+hCE . M
1.>3, #*(?

o Y 23#/4¥73==_/(;i0 , 0(#1

— F 00+ " (0. * " M<3#/ A/ #< 30/ =" 1 20*+

— LMY (#: (<3t #< 30/ #00™ 1# : #7

— F W > NZ#143=1" (#?
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o FHCHL" ("$" M LHN+*#110=H>080> " 1448 . /5 ) 6

o MIS)BHL.>3 , #*(2(. 14" M2

o MiFBBSUH* (123==. /(1. /{5 Bh<3H/(#?

o B "APHHLI(SSIULHCIA2H , MW/ ., W(EH
/3% 143 4 1T = (02042 (# , ?

— Re-design features for XML (isolation, recovery,
etc)
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— Q0= (" (0% Bl . >3, #*(?
— FBB>0#* (h?3=="_/(1B. /45 BhXHc?4 " * 1h<3#/ 4k
A" *+3 " +#7

— XSUO(4H( . 43=1" (HQ AN *142(/3>(3/#
o ) "SH(/HEMF( I=EAN> T HL0N=" +#?
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[0, =W2(52( . J#:0 18/ "+, #%(" (0. *
SO*(/ - 13>#1%B - /%hf) %GHg"‘RJ%U

OEM: Object exchange model
Labeled, directed, unordered graph of objects
Objects have unique identity

Atomic objects = values (simple atomic types)

Auctions
item item

’/ open_auyctions
o object ) objec

degécription N\ auction aiution Name” description
¢ O

@
name O b.d - »
O T initdl V' nitigl 198

commen

0l
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Scan(Auctions, "item.description"):

i
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C* 1A 0%+ $j#> (240%™ §+/ " =E}

O TXM D) S

\o* 1451 KipredU: " Mh_ $jt>(24 HCU(ES" %4> . (*+HIVAL+#S

?" (07840*+ipred
6c* 14 - SokhlKh=U;h" =" /#* (74 . Bko @0™h" *UIV#1+#
_ De#@#/ 2= 1< (#D Ret“{”(”z)
NC* 1452 KHIKHAU; b * Mite 1 +4 24 ™ Sttt 1 Name(n4,"Auctions”)
LIndex(n3, "open_auctions", n4)
select X

from Auction.open_auctions.auction X Lindex(n2, "auction”,n3)| tuple at )
where X.initial < 10 1

a time /

Lindex(n1, |n|t|al , N2)

bulk
Vindex(' |n|t|al n1, "<10")~ access

QQ
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Hox 142 Spih. Ush™ M Sjte> (74 /" SE " SHASAN(E#I=" (Ei=

select X
from Auction.open_auctions.auction.initial X
where X.initial < 10

Return(n2) Set at
Tuple a time
at a Intersect n2,n3)

time
Bulk LIndex(n1 'initial",n3) Bulk
access

access
Vind " 1, "<10") Pindex("Auction.
ndex(" |n|t|a n open_auctions.auction”, n2)

-] R
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— x> (M (/T >HLB/ . WEFLT(TUSD = 2(FN L /USEH , TDU
— g/ .3=A"M* . 1#%reachable
by the same paths
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) L JH# < =B L

g/"=EN*1#:0*+,
1.Partition nodes into equivalence classes

2.Store the extent of each equivalence class,
use it as "pre-cooked" answer to some
qgueries




-3, 5 " 14=#10?(FF (/T =EATH( /3
(.77 HATFINF LA 0>+
Very N, =k#2(. /" +#h, . 1H#1?
D30(#70 , =MAQ " A3H* 12 0%+hoy
) 3N(0=kfi+/ " =EWSE# , "TI*1#:82(/3>(3/#?

— Identify invariants / regularity / interesting node
groups
— Use interesting node groups:
e Simplify path queries
 Basis for indexing:

— Store IDs of all nodes in an interesting group.
Access them directly (avoid navigation).
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o MiGHQ#/"+#h , " (3/#24%2(# , ?

o Mi-0, =A# 0*(#+/ (0. *HCO(EMtt+">441" ("

o 1i-A.CW/#>. *’?(/3>(0 *h . Bh(#: (3" M
[H#=/#2%*("(0.*

o M23#/4W"*+3"+#,0?, "(OE

o 1h) "==0*+.0#/EH#"1?
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| L mapping |

Storage Data Query
Design Loading f Translation
I XY LI P 1, T
T i i, ‘ e . I

Sehgma i i":)ﬂ‘?\’f‘ l@uary i resulils
JUSR NS SRS S N— AL A S A N

| Tr*cm%a‘rio% ‘
. Lawer | _ .y P

| ‘Tgmgct SQL__:_| T Qpanﬁm-,m Qelath_Ql\oI
T PR A T S ML | | e

~ WA

-‘:K_ |

L
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et (0% "li-(. /" +HH&HN+*

o [EA/H" [HLBBA/E* (A" 2282 Bh , " ==0*+?

— g#*#/0>; Bl-#1

— =>E#, VLN0#>, , "==0*+0*B#//#18/ . W& &Y./
DEH, "

— &"("Y1/00#*; , '--0*+“0*B#//#1°B/ L 01" ("

- 9. ’P(Y$"P#1, ,  ==*+i*B#/[#1B/ . ,W>EH , "Ki<3#/4}
C./M. "1 * 141" ("

— k?#/Yl#BO*#l, 3MM=#>0B08% , " ==(*+
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Edge Table

50 source | Child tag target
- . AN 1 ahrw A
— TN
e S -3 Y -
W
v

NS il | sk Find titles for all shoy

» ridiadles Bl g CEELIEST Walage | cwalloe
- L Ll L] bl ' - - PR ealis e L. e L L T R
N R LR A
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/litem select target from Edge
where name="item"

Edge( pID ord, name, target )

1 : ?UC’[IOHS 12 //[comme Actual query
| em . answering also t"
2111 id "item1" requires
2 2 name "Gold pin" /litem reconstructing the
2 | 3 | comment|"Remark.." | [@id=" element...
3 1 text "Art. " description _
3| 2| parlist 5 O ‘name="item" and
( 3-way join on el.target=e2.pID and
I S S o2 narne="id" and

L the Edge table e2.target="item1" and

e1.target=e3.pID and
[(Index-) join algorithms better than navigation | €3.name="descr"

Still, too much data to read

RW
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Show Table
............. - [P ET R R S
-
,_ﬂ-r""f th‘hh“-h“-\-'l-h'"ﬁ
e
. —— —_ .
___,a--—"" " f - -\......\,1:_\--“.:\_\' T '\-\.-\:-'_“‘_l
o - |".:'I". - - “""-[\. Tr— L
I oo - -
| i C
1 '.'uf

Find titles for all shows

SELECT Title.target

FROM Title, Show

2, 2ource WHERE Show.target=Titl:«

XML Data Management R]
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llitem[@id="item1"]/description

EdgeAuctionS=C&K. /1K(" /+#(l ol o3 aaai

~ . select e3.targe
Edgeltem3=c&(. /1("/+#(! from Edgeltem e1, EdgelD
EdgelDS=c&K. /1K(" /+#(U e2, EdgeDescription e3
EdgeDescriptionS=c&K. /1K("/+#(l where e1.target=e2.pID and

e2.target="item1" and
e1.target=e3.pID and

1)O)#>-(*-5>#47-)$6/0,
O~ (-this is the storage

AB(/>/+()$5-5>* " 4+-*B-$*6/+2-thos

Store tags in schema, not in data

3-way join on
(much)
smaller tables e label

Some code on the side keeps the mapping between tags and table
names
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o CHR_HIH3ET N ANR(/3> (31
o O F XD MO0 *FTMDEHR, "
— Edge: store all edges in one table

— Attribute: horizontal partition of Edge relation on
element tag

o 23#/AI*+;

— Requires multi-table joins or self joins for element
reconstruction

— Transitive closure for answering descendant queries
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— X((/1$3(HMMIO A3 , *?
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o H/.=#/(4h_Bh(E#-0, =AB0>" (0. *;hcBh&, 074"H20 , =A0B0>" (0. *¥
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W, /510> /D, /3D
W/, /5E > /.E, /,E
W/l > /.E, /E

888, #D, 888, #D, 888 > #D, 888
888, #D, 888, #E, 888 > #D, 888
888, #E, 888, #D, 888 —> #D, 888
888, #E, 888, #E, 8886 -> #D, H
H, 8%, H, #, H 2> #0, H

/00> /D
/DE > /0
/.ED> /D
/.EE > /.E
/G> /D

XML Data Management
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W, /510 > /D, /3D

W/, /,1E > /.E, /,E
Wi/l > /E, /E

WOF'F/1E W/ EFBGL

/D> /D
/DE > /D
/ED> /D
/EE> /E
/G /D

888, #D, 868, #D, 888 —> #D, 888
888, #D, 808, #E, 88 > #D, 888
888, #E, 888, #D, 88 —> #D, 888
888, #E, 888, #E, 888 > #D, H
H, 86#, H, #, H > #D, H

XML Data Management
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WOF'F/1E W/ EFBGL

W/, /0> /D, /.
/1 S /E /E YOE,"E,/ELE,/EE,BGE

/D> /D
/DE > /D
/ED> /D
/EE> /E
/G /D

888, #D, 868, #D, 888 —> #D, 888
888, #D, 808, #E, 88 > #D, 888
888, #E, 888, #D, 88 —> #D, 888
888, #E, 888, #E, 888 > #D, H
H, 86#, H, #, H > #D, H

XML Data Management
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I ———
W, /510 > /D, /3D

W/, /,1E > /.E, /,E
Wi/l > /E, /E

/D> /D
/DE > /D
/ED> /D
/EE> /E
/G /D

888, #D, 868, #D, 888 —> #D, 888
888, #D, 808, #E, 88 > #D, 888
888, #E, 888, #D, 88 —> #D, 888
888, #E, 888, #E, 888 > #D, H
H, 86#, H, #, H > #D, H
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W, /510> /D, /D
W/, /,1E > /.E, /,E
Wi/l > /E, /E

/D> /D
/DE > /D
/ED> /D
/EE > /E
/G /D

888, #D, 868, #D, 888 —> #D, 888
888, #D, 808, #E, 88 > #D, 888
888, #E, 888, #D, 88 —> #D, 888
888, #E, 888, #E, 888 —=> #D, H
H, 86#, H, #, H > #D, H

WOF'F/1E W/ EFBGL

=

%OE,"E,/ELE,/EE,BGE

=

OEE,"EE,/EE,/EE BGE

=

OEE,"EE,/EE,/EE,BDE



W, /510> /D, /D
W/, /,1E > /.E, /,E
Wi/l > /E, /E

/D> /D
/DE > /D
/ED> /D
/EE > /E
/G /D

888, #D, 868, #D, 888 —> #D, 888
888, #D, 808, #E, 88 > #D, 888
888, #E, 888, #D, 88 —> #D, 888
888, #E, 888, #E, 888 —=> #D, H
H, 86#, H, #, H > #D, H

WOF'F/1E W/ EFBGL

=

%OE,"E,/ELE,/EE,BGE

=

OEE,"EE,/EE,/EE BGE

=

OEE,"EE,/EE,/EE,BDE

=

OE,"E,/E,/E,BD



W, /510> /D, /D
W/, /,1E > /.E, /,E
Wi/l > /E, /E

/D> /D
/DE > /D
/ED> /D
/EE > /E
/G /D

888, #D, 868, #D, 888 —> #D, 888
888, #D, 808, #E, 88 > #D, 888
888, #E, 888, #D, 88 —> #D, 888
888, #E, 888, #E, 888 —=> #D, H
H, 86#, H, #, H > #D, H

WOF'F/1E W/ EFBGL

=

%OE,"E,/ELE,/EE,BGE

=

OEE,"EE,/EE,/EE BGE

=

OEE,"EE,/EE,/EE,BDE

OE,

lu
N
\
M
&

9E,"E,/D,

OO

D



R
&[&ig/"=E?

o O JLHM( NLHS NISH T WHSEXI<3HB . /1> . *#/ (7%+1 W& [ &
(./o SE# , "M QR0 (4 I LEP>NSHE[&S ./
/" (E#/0 , =NBI#LI& [ &2V +/ " =E?

o (WL LN T | BN (OSSN > 1h. =#/" (20}
(E#&[&

o FUSERH , HF(==H M > < SHIF(E# " =E

o X((NSI(HM"*Lh. =/ " (/W ==#" /1", "*4(0 , #%" %
(E#41" [0 E#&[&

o QUK LIS " (HH>3/20. *




booktitle

contactauthor

A

authorID

N

name

/ \ address
/ :

firsthame lastname

authorid
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booktitle

name

/ address authorid
? \
v/

firsthame lastname
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book 5$. . Ne&H*(H#+HAMS . . NS . A0 K2 (/0*+H)
article 5" /(0>h#c& W™ (F#+#AL /(1> . *(">(" 3(E . A" 3(E . /01;52(/0*+(
monograph S, . * . +/"=Ec&;* (#+#Al
5 - "=E=T AR (&K (A
, - < /" =E=" /3R (ON& T > (B A
, - HT=EVELICL AT, # N1+

title S(O(AHC&; 0™ (# -+ AR(0(AgE N2 (/07 +iKk

| (0(MV=" 13 (c&H0* (H+AAM(O (A= /8> (ON & F; 0 (#+#/ |

author[s* 3(E . =" /< (c&; 1 (#+#M" 3(E . =" (N &F A (+#A

"3(E . [c&:M* (A" 3(E . " 3(E . JOL2(/1*+
"3(E. A" 1L+ B(E A= #BIA(<"  #(/0%H
"B(E AT AR HI(/0*HW

| W 2#(-#/-(2/+/4E
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book article monograph

booktitle

firsthame lastname
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book S$. . AC&M*(HHEMS . NS . AO(HE (/0%

"3(E . N" LLH?H(/0%+K" 3(E . A" 3(E . /0L:12(/0%+

"3(E. N, HRI(RT , #R(<HT(E AT, #AT2 (R,

#52(/07%+K

|'/(0>A#V(0(A#;%?(/0*+U |

article $* /(0> (H+#M" /(S . *(*>("3(E . A" 3(E . NL;02(/I*+

monograph S, . * . +/"=Ec&; 0 (F+#M , . * L+ =EV=" /3 (& H* (H A

s X A[TZEI=T R (ON&E R (M, x4/ =EI( (|

"3(E . A" LLA#H(/0+8" 3(E . A" 3(E . 1L 12(/+

BE. N BRI, (I 3, A2, (0

I = = | Ol 3 0 1

author 5" 3(E . /c&:H* (H+#M1" 3(E . N=" (8N (M
"3(E. /=
"I(ELAET HRT (T

[<+04" 3(E . A" LL/#210(J0+

E(QN&FH*(HHA" S(E %" #BU2(*" , #12(/0%+H

*3(E .. " 3(E .. NLH2(/1%+0
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TABLE Show TABLE Show TABLE Showl
(show_id IINT, (show_id INT, (showl_id ITINT,

) title STRING, title STRING, Title STRING,
vear TNT, 7 7 \ year TNT, year TNT,
box_office INT) N box_office IN'T,  box_office INT,

| seascns INT) seasons INT)

TABLE Show?2

- T AMI T My
‘ 4 TP ‘T [H "-"’i:\.';\”-v b r?;

B2 T

title. 5ﬁTN§ L h i freview 1d TNT fr’ewew id TN‘T
o O I o A Ly CoE e e o e ames YRS ff?’_, s e ,lw»..,_}.:f‘::_.,_g: &:,,r,-, ESuS 1 “"'~‘IJ"1“
1 cihow “erT) SEASOns TN“) review SWTNG, marern

parern’ Show TN

"ru Ide STPING Ide STRIN&?

TrseeEy % Pl

R TR , PRS- D von

par'en'r Show INT) _parent Show INT)

rll N =T E=aGT ST id Iy

—_— A =

'“ ) Inlime asmany — 7 =ariiTmn [ f;:'ﬁﬁll“i‘ nl.n ‘,af*ﬂw rahlls» i"‘ JININE JLJW e s e |ll TP
—e.leme,'ﬁ':, a_s—%weww rable—one M|
possible Tor NY 1,one Tor resv

» Performance depends on data, schema and query workload
* A fixed mapping is unlikely to be the best for all applications

XML Data Management 7
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¢ X3(., "(D R (T LSS0 =T
= 2Bk o*+?

— K#M*B./, "(0.*B/. ,'schemafidata statistics "*1iquery
workload
. k'7#7 7('*1 LA (0% M. =(0, 0Z#/( WO A3 " (#> . 2(4
B, ==+

— B (M(EM , " ==I*HCEDEIE " A(EML . CHI (5> . 2( B. /A" 1+10#




9. 2(YN"2#1

XML Query | RDBMS
workload optimizer
R-schema 1 cost if ﬂ
X-Schema1
| cost if ﬂ
X-Schema 2
R-schema 3 cost if @

R-schema 2 X-Schema 3

XSchema 3




SSEH, W[, (0. Me 3

o CRUPI*HTHNS (0% +
— (A=H#XabPHoe™ (#+#/IKOK D pJKh(4=#19aiG- (/1*+ <300 " M (4( .
(A=HIXabBioc™ (#+#/ Kitt6- (/0*+Xi1p)
— Inlining useful if C is always queried through ancestor A
o K*0LHFILTS( /027 (0. *THI(N1$3(0. *
— S"KESPUSUUEE<30@ ™ A (H( - 1S " KkBURUES ™ Ki>U
— "G(Yu(7 <300 " A (h( 56 (T Jub™6(7

— Useful to separate if a[t1] often queried together, a[t2]
rarely or never queried together




SSEH, UL, (0. Me 3

. ef= #(0(0 *  #+HHTH=H)(
MiEE<300 " A (( . BS™Kh " pUk
— If the first <a> is isolated, it can be inlined with parent
o TTUL> T /LHHCHI(0*+?
— XGHIXC-(/0*+Ip i< 300 " A* (( . % GhBGHS>ULUpJIC E#/#H
>a( "+ 106-(/0+Jh" *1HhLadSxdh( " + 1C-(/0*+]
— If a/b/tag1 often queried, a/b/other never queried,
separate them.
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o XD " (H0"MZHLIQUHCIHE (0.8 . L™ ("8 (" 15C /M. "L

o h=(0, Z#W#2(0, " (#2>"*ISHC/ . *+HISS(H(EH . =(0 , 1Z#/HCIM
, the same mistake CE#*>E. . A*+i(E#IS#?(1=A"*

o —H#"SEW=">#=A [H#H]:
— F_ 180" SAB "> (. NZHIN* W E#>EH , ©
— =SE#H, U, TR #R(, L L3 HE LA LN WLAT (BA=H/ (0 (WA (0.7
— \"/0. 3= 0% (M (E#24 " SEV=">#0" /M(E#*3 , $#/4.Blunions **1ljoins
[#<30/#11$44"<3#/4
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o -3==_/(#Li$4h, .2(5>. , , #/>0"He&N) -
— K#MO=HBHNE . CH(. b, "=, #% (5" Shae?
o LA#ISMA , "==0*+$3(W
o [E#t/t" 1" C$">M?;
— e#<IUHW* . CIHEL+HE BB 61" 1i/#4" (0. * "M(#H>E* 4. +4
— ) "*ALBBHIEF (), ::0*+'>
o O"/1H(.DE. HIEHSHIB. /"1 ==i>" (0. *
— &"("DETFHEND L. 3 1" (#, "==0%+




KOHNEHBI*HIN) "==[F+2

Does each

e\ E N (Il ip{@ - DOES €ach Nty item have
_@#M(E#5) 611 . >3 FLEIRENE exactly one
description ?

I (RTRMCTOgh | EXaCtly One 'y Yoy o -
. ‘ ice ?
L0 10*+4324B3M( " St 24/7 price e W

eSAKZUSY X3>(0. *W0(# T8N/ 0LV - (SUb4Kh:V=/p i Is @id a key for
/ ITem ?
-S3KAUE;Y X3>(0. *AN0(# , S(KH(Vy 0L (SURSKA(

N/ K[ = '| 0

3. iz TTO(#

selectz, v )
fromR,S °
[#(3/*b/#2m z - T=/0>#|{z - TLH?>/1=(0. *|%6

where R.y=S.u
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Express (relational) storage by custom expressions over
the XML document

Relation = materialized view over the XML document

Finding useful tables requires view-based query rewriting

Xq)dtﬁ containment Is Auctions.item W
the same as //item ?

Functional dependency
Cardinality




KN &HI*H1T) "==0*+7

To=/#2A5/HA (0. > A2 (. /" +8$41>37( ., W =/8#220 . > O#/(E#
5)6

D) I2WESN?(L /T HED> ., =M (HH??

D (AR O= (O MB L L AN=R/BLS, TS, T (#0TNZALY
@O#C’?dU

O X" N? Wt = HIW* YA (0 <2/, L LAER?

Rewr/t/ng is complex.

Ho /b, %242 430 % I3 (0IBk - IS I0(AIS ™ * Li=#/B . / , "*>H
BHIBHHL ., WRI(EH , "==0%+?
— XPW+RREM( " M #*(?

— ) kT SERE  H(H( BT S

91




~3, 4B et (0. %"=+
56

o e#h"(0.*?alone .*Mi+ _Y(E"(}B"/

o ) "FA? _A3(0.*N"/.3*14S-P-J materialized view
selection over partitioned Edge table

o LAF-ODKAS . M+t #/>W2( . /" +#/#<30/#Mview-based
query rewriting

o C*(HH*H=H/B.L/, TOHTLQT (T (H L, 1B/ . L
@"/N.3%encodings: path, ID, .

o L/ #*("(0.*WE /L. *('AT@#/(0>'AU ifacilitates
navigation "*1lkcomplicates reconstruction
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e#h" (0. *?E0=?

/ \ book title  book author

tatlA L. ﬂ'l“,'ﬁf.‘d‘. . ..| - . H - ‘ -
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o C(#/"(./h, J1EN B H>3(0.*F
— F e+"(0.%
— (14", 0%+

o —H#YS ML #>3(0.%, . 144
— —(/3>(3/ " Mj..0*
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e FUO+"(0.* (%)

Query Document
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"TEANL WCHI*#£1I5)) 6hF . 1416 " $HiS

o THCTF(H(. (. /B 611 >3, #F(PH*He &N
LI S3(WZH(EHe &N+ >4

o 5)6IL" ("%, . 1#M%orderedS3(h/#A"™ (0. > "ML ™ (™Y
, .1#A/0’?/unordered

o O.Ch"™MC#?3==_/(hordered 5) 641" ("}, . 1#HH
(*Yunordered [#A" (0. %"k , . 1#s

o 5> 1#i(Effiorder " 1" ("10"A3#
o ami5) Bi* . 1H " SHI0*+




E44-(" /(4" "0(EY6 " $H*+i->E# , #sh
o CLH"HTONHFU" SEAN(LIDD) Bt , #E(
— 3HO<3HLH* (B0 MM
— 3%B3M*B./ , (0. FUB. A<BHIM=] SHIN*+
o~ 3/ >HI_BISIH=HB_ ], "M, -/ O# , #*(?. 0#/4
[RAT (0. > M2 (. /" +#M (/ 1000 * " Mj . 0%?
o ) TEANTSHUFHISEH , #7
— (/" LY BRISH(CHE<I="># . >>3="*>4*B [ , " (0. %> . *(#* (M
"*1§230(" SU(4H( . 13=1" (#?
— L (BB R ) <Y " 241 1S0=/#Y= . 2(DU
o /., UM FLNAH T (1047
— FHCH. *HUMSHI*+i=/ . 13>#1
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[/ 20(0.* "85 ) BF . 146" SHI0*+}

- -
- 1 - 1/\ . /\ \
titlf/z @\4 / ) Gdf 1 act-\g / act | 3 ntl_e/“ (act 12 aCt 13

act
— Ao\ A5\
» S <‘ A> SN T
'@ 3 6_@ ) @%@ 1 '@ 1 @ 1 Gcen;' 2\ @GQI.I.IQ-t}e 121 1&1@12'2
G‘i’“ﬂ @j’“/l (e 1211
Global Order Local Order Dewey Order
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HY St b BHL/ ™ 10(0. % " 6 ™ SHA+

o gA.$"Hh/1#/
YH. . M*%/ (0. *=#/B. 1, "*>H#
5> . AW/ #<3I/H#CE . Mt/#*3 , $#/1*+
o 6.>"Mh/1#/
Y - (OMRH< 30 48 . > " =3 SHIT<HB . =24 (0. %
Y [E#(/H2# "> (0>P008% . (WH=/#H* (#1104 MCHM
o &HCHAN/1#/
V= (O30 48 . > >3 SHITHB . =24/ (0%




F . 1446 " $A*+i->E# , #1S1

o S/ L#MN= (L LHIVGEIH(Z T

IR RSO b BYAYBRA . >3/ UGHE . AR EH= . 1)
(/042" "> 15 B (E= . 2( T LA " 012" N

(1,10)
references

oo # G
NS

) (5,3) 6,4) (7,9) 9,7) (10,8)

/0

¢
Oy

G.1) 4

N




F . 1446 " SR> +i->E# , #1570

o SEHHI*KH* LIHGAE " *+11]

— [ESHH Lt L= 20(0). %2 " A/ " (HLISAL L0544
LH=(EYBY/2(H(/ " O#/2™ 1 BB/ ™ LIRH < B (0" MAH™ 220+ %414
*3  SH/" (" >E@0(!

(1,20)

\.
(2’13 (14,19)

(56) (7,8)  (9,10) (11,12)  (15,16) (17,18)

(3.4)

L g



S —
F . 1446 " SH#*+i->E# | #4581

o S_/1#/ANZHVIGE0N 1
— J1H/SIUb /154U L L#/SANNZ#SAUba . /1#/S - IM0Z#S -
— J1#/S:UMNZ#S - Uik /1#/54]

(1,100)

—~

we
)

~
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F . 1446 " S#0*+H->E# , #1500

o QHCHM&H , "NO. 10%+6[" (" /0% . 017

1
references

1.1 1.9

1.1.1 1.1.2 1.1.3 1.1.4 1.2.1 1.2.2

9
. i
gf
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S —
F . 1416 " SHN*+h" * 1hk=1" (#?

o (R (< HPHCHIH , #7(?

references
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c*(/.13>(0. *4(.the&HX][Os

o NE&HX [OM24™ *H*24/(0. *YB/lH* LI5S ) 61
SO L I HEHEHCHAN/LEN*+

o Ne&HX[O4=/ . QULHHBRISIE* (H*24/ (0. 4" (1" *4}
= 20(0. % B %15 BH(/#H#

- N4(#Y$4Y$4(#%> ., ="/17_%}_Bthe&HX [OH1%
(E#ti=/ . =#/1.>3 , #*(. /1#/

o he&HX[OWH=M(E## , "* (1> B85 ) oh(/##
o he&HX[OW?3==_/(A"WEl+E=#/B./ , "*>t#H<3#/4}

=)\ *

Hw



", =k _Bihe&HX[O

<BOOK ISBN="1-55860-438-3"> !
<SECTION>
<TITLE> Bad Bugs</TITLE>
Nobody loves bad bugs. !
<FIGURE CAPTION="Sample bug /= ..
</SECTION= |
<SECTION>
<TITLE> Tree Frogs </TITLE=
All right-thinking people i
<BOLD:> love </BOLD™ tree frogs. |
</SECTION=
</BOOK-

o *II= L (00 . L1 (F+#/" JH '?70*#1 JS(EA0=0(0"
b7l

A4 % Lt (VA0 (H+H/ 2" AR QHELIB T (/Y
%28/ (0. *?

LT =MLY A = (" (0.
1]

ZREARIRSARTRGARNN ARARHHNGHAEARRERANINRININRE




5 6i?E/#1 10*+CI(Ethe&HX [0

. 5)6i1
o X (EH/H(" Sh B

ORDPATH | TAG NODE TYPEH VALUE
1. 1 (BOOK) 1 (Element) | null
1.1 2 (ISBN) 2 (Attribute) | '1-35860-438-3"
13 3 (SECTION)| 1 (Element) | null
13.1 4 (TITLE) 1 (Element) | 'Bad Bugs'
133 -- 4 (Value) "Nobody loves bad bugs.'
135 5 (FIGURE) | 1 (Element) | null
1351 6 (CAPTION) 2 (Artribute) | 'Sample bug'
1.5 3 (SECTION)| 1 (Element) | null
151 4 (TITLE) 1 (Element) | 'Tree frogs'
153 = 4 (Value) 'All night-thinking people’
155 7 (BOLD) 1 (Element) | 'love'
15.7 - 4 (Value) 'tree frogs'

>3, #F(OPEHLLHL* (A"
BT (. R C MG L1

I . LA S



9. , =/#2#1the&HX[OIL./ , " (¢

Loloo\Llloll |Lk|0k
o he&HX O/ H=/Ho4> (H14" H="0/7 . BIQ " /0" Sy
k*+(EY60THO $0(2(/0%+7

o BON/H=/HHE (H(EHES+(ES . B0 $0(2(/0%+
o N0 JH=IH< (W SEN* (#+#/ . Bihe &HX[O
o BUSI((/0%+? " AR>S . THLI ™ +h=/H80: B/
#e>  1I*HSEH , HCI(ESI™ " JAN(/H(" S
o [E0MB./, " (H(HMM(EHC " 44( N=" /244" W(EH
he&HX[OISI(2(/1*+2 B/ ., WHB(H( . WI+E(
-]




L, =

Bifstring | L; | O;value range -
3030031 IR EESTENENTY ¢ k70*+%(E#%60%#*> - 10*"'%( $A#%
iﬁﬁﬂﬂf e - H(EkAB(K(EAB(?(/0+ . B
e he&HX [OaoTTRIBI I 1o
0 m Ty
(T S TG O (11
B S CRTERT WA A
o e L - T |01 101 o1 o011 |poo1l 1111 li:o 0011
2 S Lo=3 0g=1L1=3 0y=5|L5=3 0523 ||L3=4 0a=-9f|Ls=4 04=11
] [.7]
T * CBISH%" —/#BO . BIAKIS

-~
‘‘‘‘‘‘‘
..

T
|'..
ety

.. ”I'“
o, \

. ", n
P ”I."'
e, welan
‘.,

A table of Li with Oi value range_

[3 4]
[+44,443

[, €547
[953 L2
(RS

=" [#* (4 .B#A

[EDH=ME#H , " (1> B
T+ B B (/H#




ne&HX[O16#*+(E

IB1tstx'ing L O; value range I itstring i | O:value range
-~ 14 -t P
-

sroand . o g 20 [-1118485, -68910]
TA ST ey
SIS Al |
iz Lsas LU
i |
|
B |
21
4i0g
T [4376, 69911]
e 11111110 20 69912, 1118487

| (a)
o GHHRLIR L FER( (D(0>PSEAIB Y 3(0 B

(E#5) BH( /BRI (x> . 10%+ _ BBl 1033#/?




F . 1#c*2%#/ (0. *HCI(Ethe&HX [0

o "TEAMH*/ (0 +h( L H(EAVI+E (5. BY
" Mistt - 02(0* +H>EWL/#*KE" LLE78( .
(B4 2(SENL

e TR H(EHB(YT

o "TEHFFH*YSH(CHH*Kicaret in

o  KMHHOHU* (HH/ED . *#, L /H
>, =, *#*(

o TF SN, SM(0=A* . 1HM%

o U280 *H0*YSH(CHE™

o ) (*("0*MEH=/.=#M >3, #*(}

14/

1y



Ne&HX[O4. /1#/4" B(#/49 " [#(1*

Bitsting | L; | O;value range
0000001 |48 [-2.8x10" -4.3%10") ° ! V ! ,%%%%%% ! % k %

0000010 |32 [-4.3810°, -69977)

C ool 6 [[-69976, -4441] .
JtCJ.C 1 [0, 345 * !V7V! 1%%

1
_——
==
1 =

000011 8 [-344, -86)

REIN R
R RRE
L ST o TV TIRET T
R R RE
REIN R

1
= p—
N —
]
1

— [ [ [ —
1 -
—
==
—

'4:‘-(',.‘_' \_.__'::..'.':, TERT o g e -
RN S
| [ &%)
\\\\\ . R O
“““““ RS X R I . . .
. L Gl @ pigess 1) Simply compare the bitstring

“i s wews  2)0 padding & bit-bit comparison
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R
c*1#:0*+HCI(Elhe&HX] O

o he&HX[O4" MEH=/1, "/40*1#: )

— B B . LH " RIGHH< IR (1 WA ( L JHLH . SHLINHRH (E4

he&HX[O4. /1#/

— HY . QOLHN BRI (/A (/00

— F VXIS A(E " (VH(JIHOH" MLE>H* 1% (% . BISH

— XMELH>H* 1 "% (24" *IGHE . 3% LbA32(#/# 132 (1 B(#/15
o —H#>_F1"/AN*14:N

— [Xgh> A3, <% 1=/ . QILEPB" 2(H .  N3=hEArs

— \XBKF> A3 , *H* 14 4=/ . QUL##" [SEISAN(H (

— GF\F6H. B> . LA 1# W23 248308 . /i5=" (Ei<3#/4

. g



-3, , /4

o he&HX[O=/. @01# 4B - 0DAh " * 1#BBI>04* (15 ) 64
* LA " SHA*+H

o he&HX[OW " *iSH#/#=/#24*#H14" ">, , =/#77#1)
$0*"/4B.7, " (

o OUBE™> 107 +h( " A=A AN *U) , = /(7> (W L A0
[H# 0" ==p>"(0.*

IR




eHBH/H*>H?

: G&O#(Z 7] HVLV &0#(ZK 03 "P("IHTR. /14" W HIP(GXO D -4, =13 , )
SUEH. /45819 . , =3(F*H) "a1~_ 7

. GAET*+11) 9v AE'*+%#(%'AVK%0h*%?3:: (0% (0% (<RI
AT (%L (ST, TR #5042 L 2gh-cg) h&ITT T T

o GOUN 1Y 260" <IN . *Hbor™ L 0%-+h" * Th<SH/A*H5 ) GHL™ ("1, //H#+34" /s
=" (Eb#t: =/#720 . *2gTN6&NI7 1 1 1V

© LA BITI LT (A Ot MO~ (/U L3P+ L1155 ) B3+

U (0. LT (S 42 (# L ofi-eg ) h&IT 1T 7

o ChFH0IQUHANIFAW (" ko e&HX [O2; 1024/ (1B/0* 1A ) 6 . 1#™ SHIqK!
gD h&711Q!

o GIPOMI7J ONNVI™+" L0?EKi-UXAPE "B KEXIOE "= , **Ki(+A D[ NFe;i™iF ™ (104
5 641" (" $" 2HDING&NH . 3/% K7 117

: G9[AM 17] —V9E0#*K N2 (/'?K OVA™ %0 A _ Kig#(™ NIDFBROSOEES (5> . = I< 38/ 4}
B 1Y, 3M00H/20. M5 611 .>3 , #*(DRFEN[7 117V

: e) N\18] 6V) BA(h % LHRIN ™ /$ . 2 K" * LIHIN#A (/D[ E445 ) 61" "#:4 " SL0/2(4
(314D T LIS

ry



| |
~(/3>(3/" 1 .1*?
Relationship established through simple comparisons:
“hTTha -hTh4
&#HCH4 >S 2 H24=/#80-4 . Bi>S4U >34Ua>S:

S=/#ih=_2( | :V=/HbA=/#Es=_2(b:V=.2( | N=/#adi="/C=/#
=" /C=/#

SEHHI*HH* 1K | JVSHH*DASH+*H VB> b ASHH*IE
KeE QA AiE*1b V> 1 A#* L V> 1t
VO QAR QY !
S=/HGNZALE | V=/HbA=/#ith V=/#bA=/H#ith
1#=(EU A= [HMAANZHD N=/H#M VA Z# AN =/HEMAZED 2 V=/#M V202

th:V1#=(Eadi1#=(EY!

1]



~(/3>(3/ "l 0%}
XHH/0 , 0(00#48 . /rFBB0>04* (45 65
D3/ MH" (#1*) * (SEI*+
—ViXAYPE " A0B "t (4 " AKicO & T 7 1 17
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~(/3>(3/ "M 0*5Xk+ . JO(E

. [C.%O*:B(%AO'?('?
— XFSHIC NS =" AR (W LA 2>#* 1" * (1S . />ENL
— N.(E¥?./(#14 $4 2" /(=200 *

o h*#. 3(=3(W(
— H* 0/ B *>#2(L/TLAD>H* 1> (0. =" /4% (T>ENML
— - [(#14$4} BO/’?( [¥24> . > it #*(

o [C.1B", WHA By A+ . /0(E , M=/#24*(#1
— With "*liwithout ?(">"?
— h3(=3(h./1#/#1i%44ancestor " *1i$4idescendant
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[/##0) #/+#51 L 0%0XA+ /0 , ?

o FT(3/" Mt (#*20.*h.Bh(/" 2000 *"Ab/AA" (0.7 "My
, I+ 0. 1#'ACO(E SA(0=A*#<3 " (4
>.*10(0.*?
— A H) gl FIGAE " *+11)
o [0, #0>.,=M:0(4%, "4i$#<3™ 1/ ((CH*H(EH
C./2(>" %7
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[Cl+i[/# , #/

#<63 #<6< #MG6;
#;63 #;6<  #M6N
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"t 12019 " 2R L W[ H X

DL.ist
AlList - dq
- _-d
1 a2
d / z|l \ d o (,1‘:/ ”’ 3
2/ ‘ll?\ 2n-1 d3\:\\‘~.\ d
d*; d2 -2 e \\'-‘ -7 %N
- csee n S o7
. ’\K -7 dn+l
| N
a a " NN
d / n\ d n f;,:\
- n+1 W, dop 2
(@) (®) '.‘\ d2n—l
dop
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(SN[ 0% N(E 2

o NT20W1#" W1#=(EWI/?2(h(/" @#/?" M. B45 ) 6%(/H#H#
— Linear (0 , #HCI(EN? (" >™M0Z#5ahL#=(Eh . Bh(/##
— XM SHE2 (LN IHEDESL (W (0. *2R0=" ==#" /4.
P(CSMLI/FH( " 0H/?TA
— [/ " Q& (BN (2 <R >
o ) RIS B, LR (C TR (/" G 2 (B
CE.HAL™("$" 28 32 (0 . 1#H*1X60?(T&60?(

I'7R



-(T>N LA &>

e

0" (4" (2

1 (#"P2

dl
a2
d2

d3
d4

d5

dé
d7

(al,d1l)|(al,d2), (a2,d2)

(al,d3), (a2,d3), (a3,d3)

(al,d4), (a2,d4), (a3,d4)

(al,d5), (a2,d5)

(al,de)
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— (SN[ /XS

0. "hIeH(3/F="0/%7 . [ (HLISAIS " * > 147>

o NTLSlcLH R 2(H 1 B/ (0 +h. 3(=3(H0 , , #10" (#HAK
2. 3(=3(4 B SEWHEH

o TUEAPE L0 ==K ==HR 10(2h. 3(=3(H( . H(EH
*_1#SH# . CHY(

o FrSER* . LHE " ATH2(2;)

— HU/(E T (OH%="/(5.B

— H*U/%(E" ((ol*E4/(#1q

17]



— (SN [HHYXS

e

(E3783)U(E37a4)] (a2, 92) , (22,d3) , (a2,d4)

al

dl
az2

d2

d3
d4

d5

deé
d7

(al,d1l), (al,d2), (al,d3), (al,d4)
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- |
c* 1 #14-(/3>(3/ M1 0%

o I(DNZO%HH( A - 02 (0%-+H LO>HASH-+HINMI( /2 e Y [ /4501
(5N=htt 4 (E™ (WL 1% . (5= (0>0=" (#B0H( Bt . 0%V
— -E3YA" _YOEW*Ki# (4" WKkEfficient Structural Joins on Indexed
XML Documentsti\6&NK7 117

o GeV(/H#HS5) e+ . *h[/##
— O"BAE*+HI0" >+ (4" AKIXR-Tree: Indexing XML Data for
Efficient Structural Joinsfic9& 7118V
— 23==_ (MBS (W (/10 " Wb . Bkt , #7 (P44 (/3>(3/#4
[#A" (0. *2E0=V

181



dy d; dy
Ancestor a, aq d, :"d_z_"""": d,
a3 :-a_4 _______ ': —— : E—— | —
31 (g TG
Descendant sk "—v------" L K
waste waste
CaeA CaeB
o O"7HX
—  STURH3?ER" TKh" 74" * 15" 8™ (. h(E#2(" >N " * 14 . (*W(E# , 4CO(EHLT}
— STURH . =h"8K" 748/ . , ¥? (">
— S8UE: ", IHIS=32EN (b * L= =18/ . , W(EA?(" > Ui , #7(" Qixh™ B/ ., WX*>#?(L /Y
60?(
—  SQUEHS?ER" “H0* (. R(EHH? (" >N " > Lh(EA ) . 04" 1h™* 14" “4CO(ENL7
e  O"7N
— U(E#09"?#0X
— XB(#/ j - (*#LICI(ERL YKE(E# ™A+ . /0(E , YCOM2H <> (07 N2> " *H(EHLAE>HE* 1" * (4

HiH #*(? 1 7xIWY




-
~(/3>(3/ " . (%4320%-+iNVY (/18

o QNN , H*(MB/ . WEHDT L (T
o ) UM, HF(TRISH> L SIRHLIE (LG 14

| [(Cas00)]

/ N
| I AN Onnn | |ur b .-.F.ﬁ:.nl | PR \t"l\" f‘.'ﬂLI Al.t'l.l\_" I.E.vll\_\l,. I -

l l
l l
| 1
I P
l l
“
L oo o o o e e e e o e e e e e e e e e e e e e e o e e d
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Descendant d_ - 7T

Jump utilize B*-Tree

CaeA

Jump utilize
B*-Tree

CaeB

CBYSH™H02H ™ *h " *>#2( /b BhLUB(EH™

H2EH* (L K2(">™ " Metttt , #% (FHA (B (4 T *>H2( LI B b= . 0 (1 W(E#U™ 2(1=37E#1)
N3(=3(HLE" P HLA2>H* 1" * (4. B Mbttdt  # (2042 >SMULk= L 0% (= ()

FORIBIS "V LY LV (" / (W(E#*

H. = MIO( SN 40 (NCEIER" HSHD . /A L)ISoH (WSHIERN 2t , #* (4

=_==#1l

BH(H" NS (EHHE , # (HXUE ™ QU-+H(EA? , "M (52(" 1 (H(E ™ (07" [+#/4(E " Wi 1)

Th#

N3(=3(HL4" 2" KLA?H* 1% (1 B Mttt | % (2042 (">
BIS™*>#2( . J12( "> , =(AU(EH*

BH(TLISHI (BRI L #* (IMIGIE " QU H1(EH? | "MWH2(2(" /(™ (NM" [+#ME"S"V2(" /()

Th#

BH(TLISHI(ER*#: (W, #(0%48)




R
SeY|/##

o N"2#Lh.FINMY(/##
o QIOF*" >k , #7(F " 10" ik #*( 24 (hefh”
o " *>#7(. /78 [1FE>HS1"* (2 0* >y $#
#BB0>04* (A4 0147 (0B0#1
— K2HLN(W2N=RT 2 SE2 (/AT LRLED>E* L * (P
#BB#> (104040 4" 2(/3>(3/™ My . 0*
o —("$i60?(
— QUOAET WK LT W, #(E (s, e )Mk ?(T $E Bls E
k E e} k primarily stabs E, Bk I2(E#1? , "M2 (44
(E"(1?("$? EV

18Q




X*F:" , =MHGeY [/##

first element in the PSL of k;

Stab list SL, (s, e )
for all keys in n,
ontain their PSLs

[ 24,20,75| { - -h—>{(20,75), (22, 35)]

A A
| [

1T -. 1. oo L A T
gL AB, 40, 65 79, nil, nil 40, €5). (45. 60). (46. 47 13, nil, nil i -
> nil Ly |H( , €5), {45, 80}, {4€, )J if 13 l

\
3 %
l A 20, ~a | am a= .. .] I on At o~ | . | 2 15.nn | . l:ﬁ‘" VE imm
e osesd PEE D D u T ] S trIem SN -l PSR
LU Te I nn o vomenow T s PSR 0TS e e RIDEDN I s = LR e
. . . : ]
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-
" [SEDRHB . JI&HIH*1 " *(?

o QBT | (5 S2. K KB 16 MA (L EPSH* 1" * ()
— T SR NMY(/##

—— If search %<Q,MR1
| 24,20,75 ] - -h_>[(20,75), (22, 35) |

TN

L A

. [

il .y, 6. 40,85 |\, 79, nil, ol \._{(40 E5), (45, 60), (48, 4?)] g1 18 il wil

\\\ / :

e loE 20, ma | [an 7 wde o Teaar e Lo L0 T2 1500 |
A T ven ot 1 | -

o Ve \ |7 l . \ /b‘l SR e ‘I_\/“l
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—#" [SEI*+B . /XS (. /7

. &3/0*+%(E#%*'@0+'(0.*%B/. JHERY - . (4 H(EH " BI="+HICHE" SENE#? (" S
02(% . B (1% "~ 1#?/( > WS (e, 3 (0(" SSHLISM, |

— (BI, EN2, D 4B - AAHalOM TH( L HIYL . HBI=2, b2, bh=#, K(EA<H?>"*H(E#H-6
— LO*18 (E#A'/+#’?( A#4 i, 235EH(E " (A, B2 M4(/ " G/ 28 I/0+E(QENL
— cB%>'*~(%B0*1%0*%H—6%(E#*%BO*1%0*%A#'B%:'+#

If search N3 ,N<1
N\
)24, 20,75 | | \ - [(20,75)Y22, 35) |

A A
J T L 1y T T
e nil Ly 16,40,65 |\ 79, il ol {40, 65), (45, 60} (e, ) 1o nilnil | N -
N\
\ \ \ /
©aex 1 EL20. 22 L IET YR 20 2-13-nn [ Py 75 omn |
iU e 2 nn pomrn Tt = - Lo IR ;..:::
\ A \__j‘il

18]



|
-(">MN$ #14- ICI(ENS e (/447

o X273, #I(E" (0*=3(H2 (X" * 1H&
N . (EX2# (24" [0 Lot LIS A5 Y (/4

o [E#" M NV(E , b=/ SHELMMED) #/+#Y] XIS (H(HBBH> (0#41N=%
HiE R (HE" (1L~ - (=" /(00=" (A0 H(E# . 0%

aj _‘ ds s @ ,-".211 2 13 Ay 15 dg
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