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Dynamic Range Labeling for XML Trees

TAKEHARU EDA,t YASUSHI SAKURAI, TOSHIYUKI AMAGASA,tt
MASATOSHI YOSHIKAWA'tTt and SHUNSUKE UEMURA 't

This paper presents a new node labeling approach for data-oriented dynamic XML trees.
Recently, structural joins based on range labeling schemes have been considered as one of
the most important research topics for XML query processing. Each node in an XML tree is
labeled with a pair of numbers which preserves the preorder and the postorder in the tree.
The ancestor-descendant relationship between any two labeled nodes can be verified by using
their labels; consequently, this property leads to efficient evaluation of XML queries. When
an XML data set undergoes updating, however, the nodes have to be relabeled in order to
keep their order relationships. Moreover, even if “gaps” are used in labels, the gaps may prove
to be insufficient if there are many update operations or the insertion of a large XML tree
is required. To avoid a “gap” shortfall, we propose two new dynamic node labeling schemes.
One is simple local relabeling scheme and the other is more sophisticated in that it uses
approximate histograms to keep approximated information of update operations. These two
techniques allow node labels to be managed dynamically and locally. Experiments show that
bulk relabeling, which is expensive, can be avoided while still permitting update operations.

000000 childOODODOOOOODODO descen-
dant 000 0000000O0O0OO0O0OCOOOODOO
0oooOooopoooDooo XMLOOOOoOd 000 Odescendant 00 0000000000 XML
000000000000 0000OoooY'?'Y0 [0OoOOo000000000000000000000
XMLOOODOOOOOOODOoOooooooooo 0000000 0ooooooXMLOOOO DOM
0¥ O000000000000000000000
+ 0000000000 NTTOOOOOOOO000O 5)
NTT Cyber Space Laboratories, NTT Corporation DoooobbosAx”booobboooobon
+1 00000000000000000000 gpoodoobooooooXMLOODOODOOOOOOO
Graduate School of Information Science, Nara Institute 0000000 o000oooooono XMLOoOoooao
of Science and Technology
do000o0O00000ooo0oooooooooog

+++ 0000000000000 O00
Information Technology Center, Nagoya University 0000D0O00Oo0DOOOobOO0O0oObOOoOoboOoboOoo

1. 0000

102



Vol. 45 No. SIG 7(TOD 22)

o0 l/jo0fdoooUoooooUooooouoooo

goooopooboo XMLOOOooooo
O0O0OC0CO0OCO0O0ODODOOODOOOd range label-
ing® 22200 0000000000 structural
joins®)O~8):10110.16.19 2 oo o000 000
gobooooxXMLOODODDOOOoooooooo
goooboOooooooboboooXMLODOOO
oo0ooooooDooDOoobooOoXPathOOOod
ggboobooboobooooboboobobboo
gooooooooboboOoOoOooooo XMLOODO
ooboooboooboboooooooooobobooo
gooobooooobooobboobooobobobooo
000000000 Ochild OO Odescendant 00 O
gogodooooooo XMLOOOooooooo
goooooboooobooo

gboooboooobooooboDbD XMLOOO
gooobooooobooooobooobbog XML
gooooooboobbobobboooobooobo
gobobbooooboboooboobboobooboboo
000000000 Gene Ontology Consortium )
gfdooooooooOoooooooooXMLOO
gooooboooooboboooobDbl1oooboobo
goooooobooboboooboboboboooooog
goooooxXMLOOOOOOOOO100000d
godoo0ooboooboboooo XMLODOOO

gooooooooboooooboboooooooo

000000 XMLOOODODOOOODOOODOO0O
000000000000 000O0XMLOOOOD
000000000000000000000000
000000000000 000000000

000000000000000000XMLOO
0000000000000 D00000000000
0000000000 O0D0000000000000
000000 XMLOOOOOOOOOOOOO0O 1
000000000000000000000000
000000000000000D000000000
0000000000000 00000000000
0000000000000 XMLOOOOOOO
00D0D000D00000000000000000
000000000000000000000000
0000000000000D00000000000
00000000000000 XMLOOOOOOO
00000000000000™ooooooooo
00000000000 000000D0000000
000000000 D000000000000000
000000000000000000000000

XMLOOOOOOoOoOoOoooooooo 103

ooooooog

000000000000 XMLOOOOOOOO
000000000000000000000000
000000000000000000000000
000000000 XMLOOOOOOOOODOOOO
00000000000 XMLODOOODOOOOOO
000000000000 D00000DO0O0O0O0o0n
000000000000000000000000
0000000000000000000000000
0000000000000000000 XMLOO
000000000000000000000000
000000000000000000000 XML
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0o0oooo®o00000000000000000
000000000000000000000000
0000000000000000* 0000 XML
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000 000000000000
0000000000000 00000000000
000000000000000000000000
000000000000 0000000o0oO0On
00000000 XMLOOOOOODOOO0DO00OO
0000000000 XMLOOOOOOO000O00
oooooooog

0000000000000000200 XMLO
000000000000000000000000
000000003 000000000000000
000000000000000000000000
0000000000 00000000000000
XMLOOOODDOOOODOO0DOD0OO0O0O0000
000000000004 000200000000
00000000D0000D010000000000
000000000000 100000000000
000000000000000000000000
00000005 0000000000000000
600000000000000007000000
ooooo

2. 0000000 oao

XMLOOOO 100000000 DO0O00O0000
goooooooooXMLOOOoOoooooooo



104 gooooooooooooooo

01 0DOoooooooo
Fig.1 An example of range labeling.
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Fig.2 Some properties of range labeling.
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Fig.3 Preorder and postorder series of sub XML trees.
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Fig.4 Inserting an unit (a sub XML tree).
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Table 1 Deleting nodes from extended preorder series
and extended postorder series.
Algorithm DeleteNumber(T, d)

1 ¢ := preorder of d;

2 7 = max := postorder of d;

3 while (0 < j < maz, and i < n)

4 delete the node whose preorder is i;

5 i+ +;

6 7 := postorder of the node whose preorder is i;
7

endwhile
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Fig.5 Unbalance of an extended preorder series.
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Table 2 The parameters of test data.
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Table 3 The average times of bulk loads in 30,000
operations.
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Table 4 Insertion algorithm.
Algorithm Insert
-, an),

the number of nodes in a unit to be inserted: |X]|,

input: extended preorder series: T = (aq,..

the preorder of inserted position: k

output: extended preorder series with n + | X| nodes
1 1:=k;

2 m:=k+1;

3 while ((am,, — a;) is not balanced)

4 [ X =|X]+2
5 if (1=1)

6 m=m + 2;
7 else if (m = |T|)
8 l=1-2

9 else

10 l=1-1;
11 m=m + 1;
12 endif

13 endwhile

— Am —a] |.
14 Az := &”‘T ;
15 return T := (a1,as2,...,a;,a, + Az, a; + 2Az,

ca+ X AT am, - an);
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Fig.6 An example behavior of simple relabeling.
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Fig.7 Translation and approximated correspondence.
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Table 5 The time of bulk loads (average).

00 XMLOOODO Static Dynamic (Simple) Dynamic (Histogram)
2 1.333 0 4.833333
10 8.5 1067.5 0
30 30 2233.167 0.166667
total 13 1100.222 1.665
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Table 6 Stable data set (1:1).

Simple | Histogram
Average 17 38
Maximum 1035 5110
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Table 7 Growing data set (2:1).

Simple Histogram
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103118 95091
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