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Abstract In previous work, we have proposed approximate XML join algorithms based on the clustered leaf
nodes for measuring the approximate similarity between XML documents and integrating them at the subtree
classes. However, in a join loop, one base subtree may infrequently happen to be matched with multiple target
ones. In this paper, we propose a path-sequence based method to solve the one-to-multiple matching problem in
leaf-clustering based approximate XML join algorithms. In our method, each path sequence from the top node
to the matched leaf in the base and target subtree is extracted, and the most similar target subtree for the base
one is determined by the path-sequence based subtree similarity degree. We conduct experiments to evaluate our
method by using both real bibliography and bioinformatics XML documents. The experimental results show that
our method can effectively solve the one-to-multiple matching problem for both bibliography and bioinformatics
XML data, and hence improve the precision of the leaf-clustering based approximate XML join algorithms.
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turally different, they represent very similar information. In

1. Introduction

addition, both of the two document trees have some infor-

XML has become a widely important standard for data
representation and exchange on the World Wide Web. Re-

mation what the other does not do. For example, volume in
Figure 1 (a); and initPage in Figure 1 (b).

cently, a large number of data, for example bioinformatics

In previous work [11, 12], we have proposed leaf-clustering

data such as TrEMBL [18] and Swiss-Prot [16], and bibliogra-

based approximate XML join algorithms for measuring the

phy data such as ACM SIGMOD Record [1] and DBLP [23],

approximate similarity between XML documents and inte-

are published and shared by XML on the Internet. How-

grating them at subtree classes. However, in a join loop,

ever, XML documents from different data sources may con-

a one-to-multiple matching problem might occasionally oc-

vey nearly or exactly the same information but may be dif-

cur for a base subtree; that is one base subtree may hap-

ferent on structures. Besides, even the two XML documents

pen to be matched with multiple target ones. Although the

represent the same information, each of them may have some

one-to-multiple matching problem occurs very infrequently,

extra information what the other does not do.

it still affects the precision of the leaf-clustering based ap-

A well formed XML document can be parsed into an ordered labeled tree [20].

The Document Type Descriptor

(DTD) is regarded as an effective tool for detecting the struc-

proximate XML join algorithm. Therefore, how to select the
most proper matched target subtree for the base one in the
case of one-to-multiple matching becomes a critical issue.

tural information from XML documents [2, 6, 10, 14]. How-

In this paper, we propose a path-sequence based method

ever, even if XML documents have the same DTDs, they may

to solve the one-to-multiple matching problem. In the pro-

not be constructed by identical tree structures because of

posed method, each path sequence from the top node to the

the repeating and optional elements and attributes [8, 9, 14].

matched leaf in the base and target subtree is extracted, and

Figure 1 shows an example of two XML document trees with

the most similar target subtree for the base one is determined

different DTDs. Although the two document trees are struc-

by the path-sequence based subtree similarity degree. We
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formatics XML documents to compare the occurrence rate of
one-to-multiple matching and the precision of matching for
the proposed algorithm comparing with those for the original
one. The experimental results show that the path-sequence
based method can effectively decrease the occurrence rate of
one-to-multiple matching for both bibliography and bioinformatics XML data, and hence improve the precision of the
leaf-clustering based approximate XML join algorithms.
The remainder of the paper is organized as follows. Section 2. states the problem of one-to-multiple matching. In
Section 3., we propose the path-sequence based method. Section 4. conducts experiments using both real bibliography
and bioinformatics data and discusses the experimental results. In Section 5., we briefly introduce the related work
and our previous proposed algorithms. Finally, Section 6.
concludes this paper.

2. One-to-multiple Matching Problem
In the leaf-clustering based approximate XML join algorithms [11, 12], the two XML documents to be joined are
segmented into subtrees representing independent informa（ 注 1）
tion units
. Then, the subtree matching is determined by

the subtree similarity degree which is defined as follows.
［ Definition 1 ］ (Subtree Similarity Degree (SSD)) For

a base subtree tbi and a target one ttj , the subtree similarity
degree between them, SSD(tbi , ttj ) is defined by Equation
（ 注 1）
：The details of the segmentation algorithm are available in [11].
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Figure 1 Example XML document trees

conduct experiments using both real bibliography and bioin-
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Figure 2 One-to-multiple matching problem

(1) as the percentage of the number of matched leaf nodes
(the pair of leaf nodes that has the same PCDATA value) out
of the number of leaf nodes in the base subtree tbi , where n
and nbi denote the number of matched leaf nodes and the
number of leaf nodes in the base subtree tbi .
SSD(tbi , ttj ) =

n
× 100 (%)
nbi

(1)

However, for a base subtree, a one-to-multiple matching
problem may infrequently occur as stated as follows.
［ Problem 1 ］ (One-to-multiple Matching) For a base

subtree tbi , if there are two or more target subtrees ttj having
the same subtree similarity degree with tbi , the base subtree
tbi will be matched with those target subtrees in one join
loop.
［ Example 1 ］ Figure 2 shows a base subtree tb1 and two tar-

get ones tt1 and tt2 segmented from the document trees in
Figure 1. The matched leaves for (tb1 , tt1 ) are XML and Max,
while those for (tb1 , tt2 ) are Max and 20. However, according to Definition 1, SSD(tb1 , tt1 ) = SSD(tb1 , tt2 ) = 66.7%.
That means both tt1 and tt2 will be matched with tb1 because
of the same subtree similarity degree.
Therefore, how to select the most similar one from the
multiple matched target subtrees becomes a critical issue.

3. Path-sequence Based Method
In Section 2., we have discussed the one-to-multiple matching problem in the leaf-clustering based approximate XML
join algorithms. In this section, we propose a path-sequence

based method to solve this one-to-multiple matching problem.
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Let Tb and Tt be two XML document trees (b denotes base,
and t denotes target). Assume Tb and Tt are segmented into
kb and kt subtrees tbi (1 <
=i<
= kb ) and ttj (1 <
=j<
= kt ), respec-
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we present the following key definitions.
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［ Definition 2 ］ (Matched Leaf ) For each pair of base sub-

tb1

tt2

tree tbi and target one ttj , the matched leaf LM (i) is the pair
［ Definition 3 ］ (Matched Subtree) In the ith join loop,

article
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of leaf nodes lbi and ltj that has the same PCDATA value.
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the matched subtree TM (i) is the pair of subtrees tbi and ttj
that has the maximum subtree similarity degree.
［ Definition 4 ］ (Path Sequence) For a pair of matched

XML author author
Joins
Mary

subtrees TM (i), a path sequence P (i) is defined as the path

20

Max

(b) Path sequence for (tb1 , tt2 )

from the root node to the matched leaf LM (i) in the base or

Figure 3 Path sequence for the base and target subtree

target subtree.
For the matched subtrees (tb1 , tt1 ) and (tb1 , tt2 ) in Figure 2, the path sequences for them are shown by the dashed

as shown by the dashed lines in Figure 3 (a).

lines in Figure 3. The similarity between the path sequences

ing to the Equation (2), the path-sequence similarity de-

for each pair of matched leaves is determined based on the

gree between Pb (1) and Pt (1), P SD(1) =

path-sequence similarity degree.

100%.

3
3

Accord-

× 100% =

Similarly, the path-sequence similarity degree be-

［ Definition 5 ］ (Path-sequence Similarity Degree (PSD)) tween Pb (2) = {“article”, “author”, “M ax”} and Pt (2) =
{“article”, “authors”, “author”, “M ax”}, P SD(2) is also
For a pair of matched leaves L (i), the path-sequence simM

ilarity degree P SD(i) is defined by the following equation,

100%. Therefore, the path-sequence based subtree similarity

where N denotes the number of nodes in the base path se-

degree for tb1 and tt1 , P SSD(tb1 , tt1 ) =

quence that have the same labels (non-leaf nodes) or values

66.7%. For the second matched subtree TM (2), Figure 3 (b)

(leaf nodes) with those in the target path sequence, and Nbi

shows the path sequences for tb1 and tt2 . We can similarly fig-

denotes the total number of nodes in the base path sequence.

ure out the path-sequence based subtree similarity degree for

N
P SD(i) =
× 100 (%)
Nbi

(2)

Then, the similarity between the matched subtrees can
be determined by calculating the path-sequence based subtree

tb1 and tt2 , P SSD(tb1 , tt2 ) =

100%+100%
×66.7%
2

100%+66.7%
2

=

× 66.7% = 55.6%.

Because P SSD(tb1 , tt1 ) = 66.7% > P SSD(tb1 , tt2 ) = 55.6%,
the matched target subtree tt1 is considered to be more similar with the base subtree tb1 .
When one base subtree is matched with multiple target

similarity degree.
［ Definition 6 ］ (Path-sequence based Subtree Simi-

subtrees, the most proper matched subtree pair can be de-

larity Degree (PSSD)) For a pair of matched subtrees

termined based on the path-sequence similarity degree. The

TM (i), assume the number of matched leaves is K, the path-

details of the path-sequence based algorithm is illustrated by

sequence based subtree similarity degree P SSD(tbi , ttj ) is

Algorithm PathSeq shown in Figure 4.

determined by the following equation.

4. Experiment

PK
P SSD(tbi , ttj ) =

P SD(i)
i=1
× SSD(tbi , ttj )
K

(3)

3. 2 Algorithm PathSeq

In this section, we conduct experiments using both bibliography and bioinformatics data to observe how often the

［ Example 2 ］ For the base subtree tb1 and target ones tt1

one-to-multiple matching occurs in the original algorithms

and tt2 in Figure 2. The matched subtree pairs are TM (1) =

and how effectively the proposed method solves this prob-

(tb1 , tt1 ), and TM (2) = (tb1 , tt2 ). For the first matched sub-

lem.

tree TM (1), the matched leaves are LM (1) = “XM L” and

4. 1 Experimental Environment

LM (2) = “M ax”. Then, the base path sequence for LM (1),

Our experiments have been done under the environment

Pb (1) = {“article”, “title”, “XM L”}, and the target path sequence path for LM (1), Pt (1) = {“article”, “title”, “XM L”}

shown in Table 1.

one-to-multiple matching, we define precision of matching as

Algorithm PathSeq {

follows.

Input: pairs of matched subtrees (tbi , ttj )
Output: pair of matched subtrees

［ Definition 8 ］ (Precision of Matching) The precision of

max = 0;

matching (P) is the percentage of the number of correctly

output = null;

selected subtrees (Nc ) out of the number of total multiple

for each pair of matched subtrees (tbi , ttj ) {

matched subtrees (Nm ) using the original algorithm as the

for each pair of matched leaves LM (i) {

following equation.

calculate P SD(i);
}

P=

calculate P SSD(tbi , ttj );
if (P SSD(tbi , ttj ) >
= M ax) {

Nc
× 100 (%)
Nm

(5)

Table 3 and Table 5 show the occurrence rate of one-to-

max = P SSD(tbi , ttj );

multiple matching for the six pairs of bibliography and bioin-

output = (tbi , ttj );

formatics documents, where NO and NP denote the num-

}

ber of multiple matched subtrees in the base document by

}

the original algorithms and by the path-sequence based algo-

return output;

rithm, respectively, and RO and RP indicate the occurrence

}

rate of one-to-multiple matching in the original algorithms

Figure 4 Path-sequence based Algorithm

and in the path-sequence based algorithm, respectively. Ta-

Table 1 Experimental Environment
CPU

Intel Pentium 4 (2.80GHz)

Memory

1.0 GB

OS

MS Windows XP Professional

ble 4 and Table 6 show the precision of matching for the six
pairs of bibliography and bioinformatics documents, where
NcO and NcP denote the number of correctly matched subtrees using the original algorithms and the path-sequence

Programming
Environment

based algorithm, respectively, and PO and PP indicate the

Sun JDK 1.4.2

precision of matching for the original algorithms and the
path-sequence based algorithm, respectively.

4. 2 Data Used
For bibliography data, we use six fragment documents of

Figure 5 and Figure 7 indicate the differences of the oc-

DBLP.xml [23], named dblp1-6.xml, 600KB per document

currence rates of one-to-multiple matching in the original

(about 30,000 nodes), as the base documents, and the XML

algorithms and the path-sequence based algorithm for the

version of SIGMOD Record [1], named sigmod.xml, 482KB

six pairs of bibliography and bioinformatics documents, re-

(about 20,000 nodes), as the target one. And for bioinformat-

spectively. Figure 6 and Figure 8 show the differences of

ics data, we use six fragment documents of uniprot sprot.xml

the precision of matching for the original algorithms and the

[21], named sprot1-6.xml, 3MB per document (about 30,000

path-sequence based algorithm for the six pairs of bibliogra-

nodes), as the base documents, and a fragment document

phy and bioinformatics documents, respectively.

of uniprot trembl.xml [22], named trembl.xml, 1MB (about

［ Example 3 ］ Figure 9 shows the real source codes of a base

25,000 nodes), as the target one. The number of segmented

subtree tb1 in dblp1.xml and two matched target subtrees

subtrees in each document is shown in Table 2.

tt1 and tt2 for it in sigmod.xml.

According to Equation

4. 3 Result and Discussion

(1), the subtree similarity degrees for the both matched

We join the six pairs of bibliography and bioinformatics

subtrees, SSD(tb1 , tt1 ) = SSD(tb1 , tt2 ) =

2
10

× 100% =

XML documents and observe the occurrence rate of one-to-

20%.

multiple matching in the original algorithms and the pro-

quences in tb1 are Pb (1) ={ “article”, “author”, “C. J.

posed algorithm, respectively. The occurrence rate of one-

Date”} and Pb (2) = {“article”, “number”, “1”}, and the

to-multiple matching is defined as follows.

corresponding path sequences in tt1 are Pt (1) ={“article”,

［ Definition 7 ］ (Occurrence Rate of One-to-multiple

For the matched subtrees (tb1 , tt1 ), the path se-

“authors”,

“author”,

“C. J. Date”} and Pt (2)

=

matching) The occurrence rate of one-to-multiple match-

{“article”, “initP age”, “1”}. Therefore, the path-sequence

ing (R) is the percentage of the number of multiple matched

similarity degrees for (Pb (1), Pt (1)) and (Pb (2), Pt (2)),

subtrees (N ) out of the number of total subtrees in the base

P SD(1) =

N
× 100 (%)
Nb

× 100% = 100%, and P SD(2) =

100% = 66.7%.

document (Nb ) as the following equation.
R=

3
3

(4)

In order to observe how effectively the path-sequence improves the precision of subtree matching in the situation of

2
3

×

According to Equation (3), the path-

sequence based subtree similarity degrees for tb1 and tt1 ,
P SSD(tb1 , tt1 ) =

100%+66.7%
2

× 20% = 16.7%. Similarly,

the path-sequence based subtree similarity degree for tb1 and
tt2 , P SSD(tb1 , tt2 ) =

100%+100%
2

× 20% = 20%. Because

Table 2 Number of subtrees in each document
N
N

sigmod

dblp1

dblp2

dblp3

dblp4

dblp5

dblp6

1504

1599

1451

1538

1584

1680

1474

trembl

sprot1

sprot2

sprot3

sprot4

sprot5

sprot6

396

335

337

324

309

350

360

Table 3 Occurrence rate of one-to-multiple matching for bibliography data

P SSD(tb1 , tt1 ) = 16.7% < P SSD(tb1 , tt2 ) = 20%, the pathsequence based method will select tt2 as the final matched
target subtree which is exactly the same article as the base

NO

NP

dblp1 × sigmod

15

3

0.94% 0.19%

dblp2 × sigmod

9

0

0.62% 0.00%

dblp3 × sigmod

8

0

0.52% 0.00%

dblp4 × sigmod

16

4

1.01% 0.25%

dblp5 × sigmod

28

5

1.67% 0.30%

dblp6 × sigmod

0

0

0.00% 0.00%

Mean value

subtree tb1 as shown in Figure 9.
According to the experimental results, we can draw the

RO

RP

12.67 2.00 0.79% 0.12%

Table 4 Precision of matching for bibliography data

following conclusions:

NcO

NcP

PO

PP

For both bibliography and bioinformatics data, the

dblp1 × sigmod

6

13

40%

86.70%

mean occurrence rates of one-to-multiple matching are less

dblp2 × sigmod

4

9

44.40%

100%

dblp3 × sigmod

3

8

37.5%

100%

dblp4 × sigmod

5

13

31.25% 81.25%

dblp5 × sigmod

7

25

25.00% 89.30%

dblp6 × sigmod

-

-

Mean value

5.0

13.6

•

than 2% in the original algorithms. Namely, the one-tomultiple matching in the original algorithms does not frequently occur. However, even for the infrequent occurrence
of one-to-multiple matching, it can still reduce the overall

-

-

36.00% 91.00%

precision of the leaf-clustering based approximate XML join
algorithms.
•

Table 5 Occurrence rate of one-to-multiple matching for bioinformatics data

The mean occurrence rate of one-to-multiple matching

NO

NP

sprot1 × trembl

10

1

2.99% 0.30%

sprot2 × trembl

7

2

2.08% 0.59%

sprot3 × trembl

5

0

1.54% 0.00%

for bioinformatics data because each subtree of the bioinfor-

sprot4 × trembl

0

0

0.00% 0.00%

matics document contains much more information than that

sprot5 × trembl

6

0

1.71% 0.00%

of bibliography document does.

sprot6 × trembl

12

3

3.33% 0.83%

in the original algorithm for bioinformatics data is 1.94%.
It is larger than that for bibliography data, 0.79%. That
means the one-to-multiple matching occurs more frequently

•

Mean value

For bibliography documents, the mean occurrence rate

RO

RP

6.67 1.00 1.94% 0.29%

of one-to-multiple matching decreases from 0.79% to 0.12%
Table 6 Precision of matching for bioinformatics data

by using the path-sequence based method. And for bioinformatics documents, the mean occurrence rate of one-tomultiple matching reduces from 1.94% to 0.29%. Thus, the

NcO

NcP

sprot1 × trembl

4

9

40.00% 90.00%

PO

PP

sprot2 × trembl

2

5

28.57% 71.43%

mean occurrence rate of one-to-multiple matching using the

sprot3 × trembl

1

5

20.00%

path-sequence based method is less than one sixth of that us-

sprot4 × trembl

-

-

-

-

ing the original algorithms for both bibliography and bioin-

sprot5 × trembl

2

6

33.33%

100%

formatics documents.

sprot6 × trembl

3

9

25.00% 75.00%

Mean value

2.4

6.8

29.38% 87.29%

•

The mean precision of matching increases from 36.00%

100%

to 91.00% by using the path-sequence based method for bibliography documents, and it increases from 29.83% to 87.29%

There is considerable previous work on measuring the edit

for bioinformatics documents. Therefore, the mean preci-

distance between ordered labeled trees [3–5, 7, 13, 15, 17, 19,

sion of matching for the path-sequence based method be-

24–26]. The edit distance between two ordered labeled trees

comes about three times larger than that for the original

is defined as the minimum cost edit operations (insertions,

algorithms.

deletions and changes) required to transform one tree to an-

5. Related and Previous Work

other [26]. The tree edit distance is recognized as an traditional metric for measuring the structural similarity between

A well formed XML document can be parsed into an or-

XML documents [7, 8, 14]. However, the computational cost

dered labeled tree [20]. The tree structure is constructed by

of the tree edit distance is extremely expensive; in the worst

the nesting of its elements, and the node labels record the

case, it is an O(n4 ) operation for the XML documents of size

contents of the elements by element tags, attribute names,

n.

attribute values and PCDATA values.

In order to avoid the expensive tree edit distance operation
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<article mdate="2002-01-03" key="journals/sigmod/Date82">
<ee>db/journals/sigmod/Date82.html</ee>
<author>C. J. Date</author>
<title>A Formal Definition of the relational Model.</title>
<pages>18-29</pages>
<cdrom>sigmodR/13-1/P018.pdf</cdrom>
<year>1982</year>
<volume>13</volume>
<journal>SIGMOD Record</journal>
<number>1</number>
<url>db/journals/sigmod/sigmod13.html#Date82</url>
</article>

<article>
<title>Some Principles of Good Language Design (with
especial reference to the design of database languages).</title>
<initPage>1</initPage>
<endPage>7</endPage>
<authors>
<author position="00">C. J. Date</author>
</authors>
</article>

(b) Matched target subtree tt1 in sigmod.xml
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2
3
4
5
6
Bioinformatics document pair

mean
value

<article>
<title>A Formal Definition of the relational Model.</title>
<initPage>18</initPage>
<endPage>29</endPage>
<authors>
<author position="00">C. J. Date</author>
</authors>
</article>

Original algorithm Path-sequence based algorithm
(c) Matched target subtree tt2 in sigmod.xml

Figure 7 Occurrence rate of one-to-multiple matching for bioinformatics documents

as much as possible, S. Guha, et al. proposed the lower and
upper bound as inexpensive filters for the tree edit distance
operation [8]. However, when the upper bound is greater
than the threshold distance τ and at the same time the lower
bound is less than τ , the tree edit distance still can not be
avoided.
In [11, 12], we have proposed leaf-clustering based approximate XML join algorithms for measuring the approximate
similarity between XML documents and integrating them at
subtree classes. Our previous experimental results show that

Figure 9 Source codes for a base subtree and two matched target
subtrees from dblp1.xml × sigmod.xml

the leaf-clustering based approximate XML join algorithms
perform more efficiently for computing the approximate similarity between XML documents than the tree edit distance
does. In the worst case, they are O(n2 ) operations for the
XML documents of size n. Besides, the previous proposed
algorithms can effectively integrate the XML documents containing similar information from different sources at subtree
classes.

6. Conclusion
In previous work, we have proposed leaf-clustering based

[4]

approximate XML join algorithms for measuring the approximate similarity between XML documents and integrating
them at subtree classes. However, in a join loop, a oneto-multiple matching problem may occasionally occur for
a base subtree. Namely, one base subtree may happen to

[5]

[6]

be matched with multiple target ones. Even the infrequent
one-to-multiple matching may degrade the precision of the

[7]

subtree matching. Therefore, an effective method for determining the most similar target subtree for the base one

[8]

to overcome the one-to-multiple problem becomes important
for leaf-clustering based approximate XML join algorithms.

[9]

In this paper, we have proposed a path-sequence based
method to solve the one-to-multiple matching problem in

[10]

leaf-clustering based approximate XML join algorithms. In
our method, each path sequence from the top node to the
matched leaf in the base and target subtree is extracted, and

[11]

the most similar target subtree for the base one is determined by the path-sequence based subtree similarity degree.
We have done experiments using both real bibliography and

[12]

bioinformatics XML documents to compare the occurrence
rate of one-to-multiple matching and the precision of matching for the proposed algorithm comparing with those for the

[13]

original one. The experimental results show that the mean
occurrence rate of one-to-multiple matching using the path-

[14]

sequence based method is less than one sixth of that using the
original algorithms, and the mean precision of matching for
the path-sequence based method becomes about three times
larger than that for the original algorithms. Therefore, we
consider that our method can effectively decrease the occurrence rate of one-to-multiple matching for both bibliography
and bioinformatics data, and hence improve the precise of

[15]
[16]
[17]
[18]
[19]

the leaf-clustering based approximate XML join algorithms.
[20]
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