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IP-labeling: Minimal Range Labeling for Suffix Path of XML Documents

JUN NEMOTOt and MOTOMICHI TOYAMATt

We propose IP-labeling, a novel labeling scheme for suffix path of XML documents. Since
range labeling schemes are not enough to efficiently process XML queries, suffix path label-
ing schemes have been considered as one of the most important research topics. However,
P-labeling which is a previous work for suffix path labeling schemes has a problem that the
size of suffix path labels are too large since it uses huge numbers as suffix path labels. In
order to avoid this problem and reduce the size of the label, IP-labeling annotates suffix path
with minimal-ranged labels. Moreover, we propose VIP-labeling which is an extension of IP-
labeling and also a labeling scheme for suffix path. It treats value nodes as a part of suffix
path and enables to efficiently process queries, which have equality predicates. Experimental
results demonstrate that reducing the size of labels using IP-labeling have a large increase in
speed of query processing and VIP-labeling have a large increase in speed of query processing
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with equality predicates.
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Fig.1 Tree representation of XML documnet.
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Algorithm IP-Tree Construction

input: an XML tree Tx
output: an IP-Tree Trp

01: Stack s

02: Trie Typ

03: node = T'x npr.root

04: Depth-First Search(node){

05: if node is an element then

06: push(s, node.tag)

07: if Trp does not have I P(n) then
08: addInvertedPath(s, Trp)

09: end if

10: Depth-First Search(node)

11: pop(s)

12: end if

13: }

02 IP-Tree0J000000O0O
Fig.2 Construction algorithm of IP-Tree.
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Algorithm IP-Tree Labeling
input: an [P-Tree Trp
output: labeled IP-Tree Trp

01: node = Trp.root

02: position =0
03: Depth-First Search(node){

04: node.start = position

05: if node is a leaf then

06: position + +

07: else

08: Depth-First Search(node)
09: end if

10: node.end = position

11: }

04 IP-Tree 00000000000
Fig.4 Labeling algorithm for IP-Tree.
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Algorithm IP-label

input: an XML tree Txarr, an IP-Tree
Trp

output: XML tree T'x sz, with IP-label
01: Stack s

02: node = T'x npr.Troot

03: Depth-First Search(node){

04: if node is an element then

05: push(s, node.tag)

06: < p1,p2 > = getIPlabel(s, Tip)
07: Depth-First Search(node)

08: pop(s)

09: end if

10: }

05 XMLOOOOO IP-labeling 000000
Fig.5 Algorithm IP-labeling for XML tree.

Algorithm IP-label

input: a suffix path query @
{/I// 1/ -+ [tn, an IP-Tree Tip
output: an IP-label

01: Stack s

02: for i =1;¢ < nji+ +

03: push(s, t;)

04: end for

05: < p1,p2 > = getIPlabel(s, Trp)
06: return < pi,p2 >

06 000000000 O0OD IP-labeling00000O0O
Fig.6 Algorithm IP-labeling for suffix path query.
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Fig.7 XML document tree with IP-label.
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Fig.8 Prototype XPath processing system.
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<?xml version="1.0" standalone="yes"?>
<ipt start="0" end="9">
<dblp start="0" end="1"/>
<inproceedings start="1" end="2">
<dblp start="1" end="2"/>
</inproceedings>
<title start="2" end="4">
<inproceedings start="2" end="3">
<dblp start="2" end="3"/>
</inproceedings>
<article start="3" end="4">
<dblp start="3" end="4"/>
</article>
</title>
<author start="4" end="6">
<inproceedings start="4" end="5">
<dblp start="4" end="5"/>
</inproceedings>
<article start="5" end="6">
<dblp start="5" end="6"/>
</article>
</author>
</ipt>
N J

09 IP-Tree000000
Fig.9 Example of IP-Tree file.
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Table 1 Summary of XML dataset.
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02 00 plabel 0ODDOODODOOO
Table 2 The data type and maximum value of the attribute plabel.

P IP VIP

Auction ooo 50,697,762,500,009,282,441,473 547 86,925
oooo NUMERIC(23, 0) INTEGER | INTEGER

DBLP 0oo 5,454,877,177 158 21,854
oooo BIGINT INTEGER | INTEGER

SwissProg | 000 9,930,020,101 263 20,613
oooo BIGINT INTEGER | INTEGER
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Table 3 Size of table and index.

P IP VIP
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04 XPathOOO
Table 4 XPath queries.

No. XPath

QA1 | /site/regions/asia/item/name

QA2 | /site/regions/asia/item/location[.=’Thailand’]

QA3 | /site/regions/asia/item/payment[.=’Cash’]

QA4 | /site/regions/asia/item[/location =’Thailand’]/name

QD1 | //inproceedings/tilte

QD2 | //author[.="Yoko Maeda’]

QD3 | /dblp/article/author[.=’Serge Abiteboul’]
QD4 | //inproceedings[/author="Yoko Maeda’]/title

QS1 /root/Entry /Keyword

QS2 | //Entry/Ref/Author[.=’Mueller P’]
QS3 | /root/Entry/Features/DOMAIN /to[.="13’]
QS4 | //Entry/Ref[./Author =’Mueller P’][./Author="Keller M’]
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Table 5 Selectivity of type 2 query and type 3 query.

0000000000 | 000000000
QA2 30 2
QA3 1,455 40
QD2 1 1
QD3 176 52
Qs2 11 11
Qs3 3,706 65
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WIP-labeling 4.722% 2.0635 3.1905 44.7408
OWVIP-labeling | 4.T763 0.4542 0.5597 43.7408
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Fig.10 Execution time for Auction dataset.
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Fig.11 Execution time for DBLP dataset.
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Fig.12 Execution time for SwissProt dataset.

O0000000000O00o00oOoOooOoooooo
000000000000 AuctiondO000 POO
O000o0oO0o0o0o0oooooOoooooooo
O0000O000Auction00O00 POOOOOO
00 plabel 00000000 NUMERIC(23,0) 00
OOJ/POVIPOOODOO INTEGEROOOOODO
O0000000O00OO000oo0OoO0oOoOooUODBLPO
SwissProt O0000000 plabel D0O0OP OO0
OO0 BIGINTOO/POVIPOOOOO INTEGER
00000000 2000000000000 100
0000000000000 0o0ooooooooo
o000

0000002000000 3000000000
0000000000000 VIP-labelingOOOO
O000o00o0oOooo0ooooooooooooo
0 0 P-labeling O IP-labeling 0000000000
00 1000000000000 000O0O000OPO
IPO00DODO datae ODODODO B4+OOOOODODOO
OO0000000OVIP-labelingOOOOOOOOO
0000000000000 0O0oooOoooooO

IP-labeling0 000000000000 XMLOOOOOOO 53

06 0002000000000 10000
Table 6 Disk IO of type 2 query.

P IP VIP
oood 2 2 1
A B+0O {plabel, start} 14 10 4
B+0O {data} 6 6 N/A
gooooooooo 22 18 5
oood 1 1 38
D B+0O {plabel, start} | 4,870 | 4,059 15
B+0O {data} 5 5 N/A
gooooooooo 4,876 4,065 53
oood 8 10 26
s B+0O {plabel, start} 1,861 1,552 11
B+0 {data} 4 4 N/A
gooooooooo 1,873 1,566 37
07 0003000000000 10000
Table 7 Disk IO of type 3 query.
P IP VIP
oooo 9 7 1
A B+0 {plabel, start} 6 6 4
B+0 {data} 10 10 | N/A
poooooooo 25 23 5
oooo 34 34 11
b B+0O {plabel, start} 1,636 1,634 7
B+0 {data} 6 6 N/A
poooooooo 1,676 1,674 18
oooo 37 34 3
s B+0O {plabel, start} 38 38 5
B+0 {data} 14 14 | N/A
poooooooo 89 86 8
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Fig.13 Execution time for various size XML dataset.
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Table 8 Comparison of query performance.
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