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Abstract

We present a light-weight streaming XML document fil-
tering tool named XAXEN, which is scalable with respect
to the number of queries. XAXEN consists of (1) an XML
file transformer on data-sending server, which transforms
an XML file into a trie representing the tag-name sequences
of the root-to-leaf paths in XML tree and the binary XML
file where every start- and end-tag is replaced with a spe-
cial symbol followed by the corresponding path trie node
ID and with another symbol, and (2) a query processor on
receivers. Computational experiments show that XAXEN is
2 ~ 6 times faster and 6 times space-efficient in compar-
ison with XMLTK, a well-known scalable streaming XML
document filter.

1 Introduction

XML has become an increasingly popular format for in-
formation exchange, and efficient processing of broadcast
XML data on constrained devices such as PDAs and mo-
bile phones is of great importance. Many researches have
been undertaken on streaming XML query evaluation (see,
e.g., [7,4, 11]). YFilter [7] and XMLTK [4] are well-known
streaming XML query processors, which efficiently process
XPath queries. YFilter builds an NFA for the queries by
merging common prefixes of the query paths, and it is fast
and scalable with respect to the number of queries. XMLTK
adopted the so-called Lazy-DFA technique: it converts the
NFA for the queries into a DFA lazily. It is highly scalable
and copes with huge number of queries, but the amount of
memory usage could be very large due to the conversion.

In this paper, we present a light-weight streaming
XML document filtering tool, named XAXEN (eXtreamly-
Accelerated XML filtering ENgine). XAXEN consists of a
transformer on a data-sending server and a query processor
on data receivers. That is, the transformer on data-sending

server preprocesses the XML files before sending them in
order to bring scalabilities and time- and space-efficiency
to data receivers. The idea of transforming XML files into
some convenient format before sending them can be found
in [6], for instance. There are also several proposals on
XML binary formats [2]. Moreover, the Stream Index (SIX)
technique [4], which is used for speeding up stream pro-
cessing by XMLTK, is a good example of data structures
for acceleration obtained by preprocessing XML data.

The transform adopted in XAXEN has the following two
properties:

1. The time for transform is reasonably small.

2. The transformed data is not larger than the original
data.

XAXEN transforms the input XML file into a path trie and a
binary XML file during one pass. The former is a trie repre-
senting all the label strings of the paths from the root, which
is called the path trie, and the latter is obtained from the in-
put XML file by replacing every occurrence of the start tags
with a special code followed by a pointer indicating the cor-
responding path trie node, and every occurrence of the end
tags with another special code. We note that in practice the
path trie is sufficiently small and fits main memory for mod-
erate XML files. Table 1 shows characteristics of the origi-
nal XML files and the binary ones, the corresponding XML
trees, and the path tries for two datasets: one is DBLP [9]
and the other is a randomly generated data with xmlgen [12]
from a DTD provided by XMark benchmark.

Data-sending server sends a path trie followed by a bi-
nary XML file, not the original XML file. Data receivers
first perform path-pattern matching against the path trie for
given queries, and add some information about the results
to the path trie. By the information, the receivers do not
need to do path-pattern matching during scan of the binary
XML file: they obtain the results of path-pattern matching
with the help of path-trie nodes embedded in the binary



Table 1. Characteristics of two datasets.

DBLP random
original file size (MB) 352 111
# XML tree nodes 8,632,812 | 1,666,310
# tag names 35 74
binary XML file size (MB) 208 84
# path trie nodes 138 515
transform time (sec) 100.41 73.26

XML file. The path trie is often sufficiently smaller than
the original XML file, and therefore the processing time is
drastically reduced. Moreover the SIX technique acceler-
ates XAXEN at rate of 1.6 ~ 7.2.

The path trie is a kind of DataGuide [8]. Although us-
ing DataGuide for efficient XML processing is not new, our
usage is different from existing ones to our best knowledge.

The organization of this paper is as follows. Section 2
defines our problem which is the basis of more complex
problems needed to XML document filtering. Section 3
gives an overview of XAXEN’s query evaluation strategy.
Section 4 then estimates the performance of XAXEN in
comparison with YFilter and XMLTK. Section 5 discusses
how to extend XAXEN to cope with more complex queries:
logical connectives, nested predicates, aggregations such as
count, and so on. Section 6 concludes this work.

2 Notation and problem formulation

Let ¥ be a finite set of characters, and ¥* (resp. ¥1)
denote the set of strings (resp. nonempty strings) over X.
Let AV be a set of tag names. An XML tree is an ordered
tree such that the interior nodes are labeled by tag names
in V' and the leaves (called the text nodes) are labeled by
strings in X*.!

A simple path pattern is a sequence consisting of tag
names in A and *’s, separated by “/” or “//”, where “/”
and “//” denote the parent-child and the ancestor-descendant
axes, respectively. A simple path pattern 7 is said to match
a path in an XML tree if m matches the sequence of tag
names spelled out by the path when regarding “x” and ““//”
as a wildcard (that matches any tag name) and a variable-
length-don’t-care (that matches any string of tag names),
respectively.

A path pattern is an ordered pair of simple path patterns
m1 and g, written as 7 [m2]. For any node z and its de-
scendant y (possibly x = y) in an XML tree, a path pattern
71 [ms] is said to occur at locus (x,y) if w1 and 72, respec-
tively, match the path from the root to « and the path from

UIn this paper an attribute node corresponding to “name=value” is re-
garded as an interior node labeled “@name” having a unique child (leaf)
labeled “value”.

Figure 1. An illustration of occurrence of
XPattern 71 [ : ¢] at locus (z,y) of XML tree.

2’ to y, where ' is the node preceded by x on the path from
the root to y.

Let e = e(wy,...,wy,) be a Boolean expression over
keywords w1, ..., w,, in ¥*. A text d in ¥* is said to
satisfy e if e is true under the truth-value assignment de-
termined by whether or not the corresponding keywords
wi, ..., W, occur in the text d.

An XPattern is a pair of a path pattern 71 [m2| and a
Boolean expression ¢ over keywords w1, ..., w,, in 2T,
written as 71 [ : e]. An XPattern 772 : €] is said to oc-
cur at node x of an XML tree if x has a descendant y such
that the path pattern 7 [m2] occur at locus (x,y), and the
Boolean expression e is satisfied by at least one text node
that is a child of y. We note that a path pattern 7 [72] can
be viewed as the XPattern 7 [ : true].

Fig. 1 gives an illustration of occurrence of XPattern
mi[ma : €] atlocus (z,y) of XML tree.

Now, we give a formal definition of a basic problem we
address in this paper.

Definition 1 (Basic problem)

Given. An XML data T

Query. A set of XPatterns P, ..., Py.

Answer. A node x of the XML tree for T' at which P; occurs
foreveryi=1,..., L

One may think that the class of XPatterns is too simple com-
pared with XPath expressions. The problem is, however, the
basis of problems for more complicated queries as stated in
Section 5.

The input XML data T is assumed to be a sequence of
XML documents, i.e., a sequence of XML trees. One may
consider that there is no need for computing the nodes x
since we have only to get the sets of documents satisfying
the queries for XML document filtering. However, com-
puting the nodes z is required when processing complex
queries written as combinations of multiple XPatterns.
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Figure 2. Preprocessing of XML data.
3 XAXEN: Fast filtering using path trie

3.1 Path trie and binary XML file

Our method transforms the input XML file into a path
trie and a binary XML file, as shown in Fig. 2. An XML
file with its tree representation is displayed on the upper
in Fig. 2, where the squares in the nodes represent the text
nodes. The binary XML file and the path trie created from
the XML file are shown on the lower-left and on the lower-
right, respectively. The numbers adjacent to the nodes of
the path trie imply their IDs. We note that the start tags
and the end tags are, respectively, replaced with ’[” followed
by a node ID, and with ’]’ in the binary XML file. This
transform process takes time O(n log |N| + |T|), where n
denotes the number of total number of occurrences of start
tags, |\ is the number of distinct tag names, and |T'| is
the input XML document size. In practice, it is not so time
consuming as demonstrated in Table 1. We note that path
tries are sufficiently smaller than XML document trees, and
that the binary XML files are smaller than the original XML
files.

It should be mentioned that the start tag occurrences
are replaced with the corresponding path-trie node IDs, not
with the tag IDs. Whenever reading a path-trie node ID in
binary XML file, XAXEN checks the outputs of the path-

Figure 3. lllustration of path-pattern matching
using the path trie of Fig. 2.

trie node to determine whether or not the corresponding
node has a “match”.

3.2 Path-pattern matching

Our method replaces the path-pattern matching for XML
trees with the one for path tries. The idea is to add to a path
trie node y an output (P;, d) if and only if the path pattern
P; occurs at locus (z, y) of the path trie where z is the d-th
ancestor of y. This enables us to obtain the loci of XML
tree at which path patterns P; occur.

Fig. 3 shows the occurrences of the path pattern P, =
a//b[//d] in the path trie and the XML tree for the XML
data used in Fig. 2. Since the path pattern P, = a//b[//d]
occurs at loci (z,y) = (2,5),(2,7),(6,7),(2,4) in the
path trie, the path trie nodes y = 5, 7, and 4 are asso-
ciated with the outputs {(P1,2)}, {(P1,1),(P1,3)}, and
{(P1,1)}, respectively. On the other hand, P; occurs at
loci (z,y) = (4,5), (6,8), (6,10), (9,10) in the XML tree
shown on the left in Fig. 3. These loci can be obtained from
the outputs added to the path trie. For instance, the output
(P1,2) of the path trie node 5 implies that the occurrence
of Py at locus (z,y) such that y = 8 in the XML tree is
associated with the path trie node 5 and z = 6 in the XML
tree is the 2nd ancestor of y.

Next, we briefly mention the path-pattern matching
against a path trie. We compute the loci (x, y) of every path
pattern in given XPatterns. We build NFAs from the path
patterns and make them run along the paths of the path trie
in a depth-first manner. (See [13] for detail). We adopt the
bit-parallel technique [10] to implement the NFAs. Since
the size of NFA for pattern 7 is the number of tag names
and *’s in 7 plus one and often fits the computer word size
(32 or 64) in practice, we can perform the nondeterministic
state transitions in parallel at high speed. Construction of
NFAs can also be done very fast.



3.3 Keyword searching

XPath expressions such as /a/b[ @month=December] and
/a/b[contains(name, “mickey”)] require attribute-value tests
and keyword matching. Thus we need search in the con-
tents of text nodes. We apply Aho-Corasick’s multikeyword
search method to this problem. One advantage is space
efficiency. Another important advantage is document-by-
document processing based on simultaneous search of mul-
tiple keywords wy, . . . , w,,. Thanks to the advantage, no set
operations are needed: Boolean operations for every docu-
ment are enough. In XML document filtering application,
this advantage is of great importance as the set of keywords
from a great deal of queries can grow very large. (This
should be compared to the index-based methods based on
text index techniques, such as suffix trees and suffix arrays.
It proceeds pattern-by-pattern, and therefore a considerable
amount of extra working space is needed for set operations.)

3.4 Query evaluation

We describe an algorithm of searching binary XML file
for keywords and combining the keyword occurrences with
the path pattern matching results associated to the path trie
nodes in order to perform the query processing.

Let W = {wi,...,wn} be the set of keywords oc-
curring in the Boolean expressions e of the XPatterns
P,...,P,. We build from W Aho-Corasick’s pattern
matching machine M. We maintain variables offset and
depth respectively representing the offset from the begin-
ning of the binary XML file and the depth of the current
node in XML tree during the scan of the binary XML file.
We use a two-dimensional array Occ of Boolean values
such that Occ[d][i] is true if w; occurs in some text node
that is a child of the current node of depth d. We use an-
other two-dimensional array ) of Boolean values such that
Q[d][g] is true if the XPattern P, occurs at a node of depth
d that is an ancestor of the current node. We repeat the fol-
lowing until reading the end of binary XML file: Read a
one-byte character ¢ from the binary XML file, and execute
the following statements.

e If c is a special code implying a start tag, we read
an integer v, and push (v, offset) into a stack S.
Increment depth by one. Initialize the values of
Occ[depth][1..m] and the values of Q[depth][1..¢] by
false. Set the current state of M to the initial state.

e If ¢ is a special code implying an end tag, pop
(v, start) from the stack S. If the path trie node
v has outputs, then for each output (q,d) evaluate
the Boolean expression e of the XPattern P, under
the truth-value assignment determined by the values
Occldepth][1..m]. If e is true, then set Q[depth —

d][q] to true. For every ¢ in {1,...,¢} such that
Q[depth][g] is true, outputs the node (start, offset).
Decrement depth by one. Set the current state of M to
the initial state.

e Otherwise, make a state-transition of M on c. If the
current state of M has outputs, then update the values
Occ[depth][1..m] depending upon the keyword occur-
rences implied by the outputs.

4 Computational experiments

We estimate the performance of XAXEN experimen-
tally. The times for path pattern matching against the path
trie and the times for scanning the binary XML file were
measured. The performance is compared to a naive method
without path trie. Then we compare the performance of
XAXEN to those of YFilter and XMLTK. In addition, the
speed-ups of XAXEN by SIX were compared to those of
XMLTK by SIX.

All the experiments were carried out on an Personal
Computer with an Intel Pentium 4 (CPU 2.4GHz and 2.0GB
RAM) running RedHat Linux Advanced Server 2.1 oper-
ating system. The input XML file was randomly gener-
ated with xmlgen [12] from a DTD of XMark benchmark
and is of size 111MB. The (simple) path patterns were
randomly generated by using pathgenerator [1] where the
occurring probabilities of // and * were set to (1%, 1%)
and to (10%, 10%). We use the simple path patterns with
(//,*) = (1%,1%), unless we do not mention about the
parameters of the query sets.

Times for path pattern matching. Fig. 4 shows path pat-
tern matching times (incl. NFA construction times) against
varying number of queries. They are relatively small com-
pared with the times for scanning binary XML file (shown
in Table 4) even for a large number of queries. This is
mainly due to the fact that the path trie size is sufficiently
smaller than the XML tree size (see Table 1) and to prac-
tically fast implementation based on the bit-parallel tech-
nique.

Times for scanning binary XML file. Table 2 compares
the performances of XAXEN and Naive in scanning binary
XML file against varying number of simple path patterns,
where “Naive” does path-pattern matching with NFAs dur-
ing the scan. Naive builds NFAs for the queries, and per-
forms state-transitions of the NFAs for each of the tag IDs
embedded in a binary XML file, while XAXEN only refers
to the outputs added to the path trie for each of the path-
trie node IDs embedded in a binary XML file. Although
the running time of Naive grows linearly proportional to the
number of queries, that of XAXEN does not so: it depends
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Figure 4. Times for path pattern matching
against path trie are displayed.

upon the number of references to the outputs added to the
path-trie nodes.

Comparison with XMLTK and YFilter. Table 3 dis-
plays the amounts of memory usage against 10,000 and
100,000 queries. We used simple path patterns as the
queries since XMLTK does not allow queries with predi-
cates completely. For the 10,000 queries with (//,*) =
(10%,10%), the amount of memory usage of XAXEN is
not greater than 1/6 of those of XMLTK and YFilter.

Table 4 compares the execution times of XAXEN,
XMLTK and YFilter against varying number of simple path
patterns with (//,*) = (1%,1%). The results show that
XAXEN is 2 ~ 6 times faster than YFilter and XMLTK.

Estimation of speedups with SIX. Table 5 displays the
execution times of XAXEN and XMLTK, both accelerated
with SIX. Comparison with the results of Table 4 shows that
XAXEN with SIX is 1.6 ~ 7.2 times faster than XAXEN
without SIX and the speedup rate of XAXEN is higher than
that of XMLTK.

Table 2. Query execution time.

elapsed time (sec)

# queries | XAXEN Naive

simple path 1 0.51 0.86
pattern 10 0.52 1.29
1% 100 0.54 4.30
1,000 0.53 21.81

path pattern 1 0.51 0.86
1% 10 0.52 1.36
100 0.52 5.51

1,000 0.54 34.50

5 Extensions
5.1 Permitting references to other queries

Let the input queries in the XPatterns format be:

P, :W%[ﬂ—% :el]w-'aPE :71—{[71—5 : eé]’

where the expressions e’ are Boolean expressions over
string patterns wi, ..., Wn,. Now, we extend e’ to
be Boolean expressions over variables w;,...,w,, and
Py,..., P;,_. The truth-value evaluation of the e’ parts can
be done under the truth-value assignment determined by the
values Occ[depth][1..m] and Q[depth][1..i — 1] for the cur-
rent value of depth in the algorithm stated in Section 3.4.
This extension enables us to introduce the logical connec-
tives and the nested predicates as follows.

Table 3. Memory usage comparison. Input
queries are simple path patterns, where the
occurring probabilities of // and « are (1) 1%
and (2) 10%.

# queries memory usage (KB)
XAXEN YFilter XMLTK
(1) 10,000 3,320 1,169,975 30,288
100,000 18,632 (memory full) 285,328
2) 10,000 4,952 1,494,845 34,412
100,000 28,543 (memory full) 318,560

Table 4. Execution time comparison.

# queries elapsed time (sec)
XAXEN YFilter XMLTK
1 0.57 39.24 2.27
10 0.57 42.54 2.57
100 0.57 45.22 3.09
1,000 0.67 61.30 4.14
10,000 1.85 155.30 11.83
100, 000 142.04 (memory full) 270.81

Table 5. Comparison of speedups with SIX.

# queries elapsed time (sec)
XAXEN XMLTK
1 0.00 0.14
10 0.07 1.53
100 0.18 2.49
1,000 0.39 4.37
10,000 1.81 12.25
100, 000 139.62 275.74




Logical connectives. Consider the XPath query
w[m1 and w2, for instance. Let P = m[m true]
and P, = 7[me : true|, and let P; = w[e : Py A Pa.
Then the XPath query 7[m and 72| occurs if and only if
Q[depth][3] = true.

Nested predicates. Consider the XPath query
mi[me[ms and m4]].  Let Pi = mymems true],
Py = 7T17T2[7T4 : true], and P3 = 7T1[7T2 : (Pl AN PQ)] Then
the XPath query 71 [m2[73 and m4]] occurs if and only if the
value Q[depth][3] is true.

We remark that, letting Py = m1[moms : true], Ps =
mi[memy : true], and Ps = mi[e : (Py A Ps)], the value
Q[depth][6] can be true even when there is no occurrence
of the XPath query 71 [m2[73 and 74]].

5.2 From Boolean to arithmetic functions

Each of the queries P; can be viewed as a mapping that
assigns truth-values to the XML-tree nodes. We extend this
to assign integer values to the XML-tree nodes.

First, we extend the Boolean expressions e’ to the arith-
metic expressions over the integers. The truth-values true
and false are represented with 1 and 0, and the logical con-
nectives A, V, and — are interpreted as appropriate arith-
metic functions on the integers. Inequations are also viewed
as arithmetic functions that return 1 or 0.

Second, if the query P; = m[m : €] occurs at node
x, the mapping P; assigns to x the summation of the inte-
ger values obtained by evaluating at node y the arithmetic
expressions e’ over all the nodes y such that the pattern P
occurs at locus (z,y). To the nodes = at which the query P;
does not occur, the mapping P; assigns 0.

Aggregations. Consider the XPath query
mi[count(my) > 1]. We replace the statement “If e is
true, then set Q[depth — d|[q] to true” of the algorithm
stated in Section 3.4 with “Increment Q[depth — d][q] by
e”. Let P, = my[mg : 1] and P» = m1[e : (P1 > 1)]. Then
the XPath query 7y [count(me) > 1] occurs if and only if
Q[depth][2] > 0.

By a similar idea, we can process the other aggregation
functions such as sum, max, min, and avg (average).

6 Conclusions

We have presented XAXEN, a light-weight streaming
XML filtering tool, based on path pattern matching on
path trie and keyword search using Aho-Corasick’s automa-
ton over binary XML file. Experimental results show that
XAXEN is approximately 2 ~ 6 times faster than XMLTK
and YFilter and its memory requirement is not larger than

1/6 of those of XMLTK and YFilter. We note that XAXEN
deals only with forward axes (i.e., the child and descendant
axes) as YFilter and XMLTK. Recently, there are some pro-
posals which deal with the ancestor axes and the sibling
axes (see, e.g., [5]) at sacrifices of scalability and speed.
XAXEN can be extended to process queries with ancestor
axes and sibling axes by transforming the queries into the
ones without such axes using path trie.
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