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Abstract 

XML stream processing has recently become popular for 

many applications such as selective dissemination of 

information. Several approaches have been proposed and 

most of them are based on the idea of finite automata. 

Different from these approaches, this paper presents a 

novel and efficient method for evaluating XPath with 

predicates on XML streaming data. For linear XPath 

expressions, our approach is at least as fast as the best 

method to date, i.e., with the cost of O(1) for each SAX 

event. For XPath with predicates, experiments have shown 

that our approach is efficient and scalable
.
. 

Keywords:  DFA, Stream Data, XML, XPath 

Optimization. 

1 INTRODUCTION 

The popularity of XML as a standard for information 

representation and exchange has created a wave of new 

applications as well as challenges. In particular, due to the 

demands from sensor network applications [20], 

information dissemination [1], content based routing [28], 

and processing of scientific data [23], efficient evaluation 

of XPath expressions on XML stream data has attracted 

lots of attentions very recently. Most of these recent 

proposals are based on some form of finite automata and 

can be categorized into approaches either based on 

Nondeterministic Finite Automaton (NFA) or 

Deterministic Finite Automaton (DFA). In general, 

although DFA-based approach uses constant processing 

time independent of the XPath query workload, there are 

no space guarantees. Alternatively NFA-based approaches 

can guarantee space requirements, but they require more 

processing time. Example NFA-based approaches include 

XFilter, YFilter, and XTrie [1, 9, 4], and DFA-based 

approaches include Lazy DFA, and the XPush Machine 

[15, 17]. Those approaches represent XPath queries as 

finite automata, which can then be used to process against 

the incoming streaming XML data. Out of these 
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approaches, the recent Lazy DFA [15] proposal addressed 

some of the above issues. First, it showed that the number 

of DFA states is small and will only be constructed lazily 

at run time. We observed from their result that the 

structure of input XML is usually small even though its 

schema may allow data instances with infinite structures.  

Based on their results and this observation, this paper 

proposes a novel approach by first extracting the structure 

of input XML documents and then using it for 

preprocessing XPath query workload. We term this 

special structure the Structure Index, due to the reason that 

the XPath queries are preprocessed according to the 

structure of the documents. While having better 

scalability, this approach is also based on the structure of 

the input XML documents, it thus will share some basic 

characteristics of the DFA-based approaches. Therefore, 

we also analyze and discuss the DFA-based approaches in 

detail in this paper. 

Our contributions can be summarized as follows: 

� We propose a novel approach based on the Structure 

Index which can be used to efficiently evaluate a 

large number of XPath queries on XML streaming 

data. We analyze the complexity of our approach 

both in time and space, and also verify it by 

experiments. After its short warm-up phase, it 

achieves constant processing time per SAX event 

independent of the query workload for linear XPath 

expressions.  

� We propose a method called Trigger Tree, which is 

used to augment the Structure Index to efficiently 

evaluate XPath expressions with nested paths. This 

method is scalable with respect to both the number 

of nested paths and the number of value-based 

predicates when the queries have at least one 

value-based predicate. The central idea behind is to 

utilize the selectivity information of the value-based 

predicates. 

� We provide detailed analysis for the DFA-based 

approaches, which has not been revealed in previous 

papers. 

2 RELATED WORK 

Related work on evaluating XPath expressions on XML 

data streams can be classified into DFA-based approaches 

and NFA-based approaches. We first discuss some recent 

NFA-based approaches below, followed by DFA-based 

approaches and other alternatives. 



YFilter [9], a successor of XFilter [1], improves XFilter by 

using path sharing concept. It also separates the filtering 

problem of XPath expression into structure matching 

(using path expressions) and content matching (using 

value-based predicates). However, its performance still 

depends on the query workload.  

XTrie [4] was designed to support large-scale filtering of 

streaming XML data. Unlike XFilter, XTrie supports 

complex XPath queries with predicates. Its basic idea is to 

use the trie to detect occurrences of substring matches for 

each event that it receives.  

For DFA-based approach, the Lazy DFA [15], the XPush 

machine [17], and the recent work from Onizuka [26] 

(which is an improvement of the lazy DFA approach) are 

summarized below. 

The XPush machine extends the lazy DFA approach to 

handle complex queries with nested paths using 

deterministic pushdown automaton in a bottom up 

fashion. Although this approach uses constant processing 

time in theory, it hardly achieves its theoretical 

performance due to its huge memory usage, and its 

efficiency in practice is about linear with the size of the 

query workload. 

The recent work by Onizuka consists of two parts. The 

first part focuses on using lazy DFA with 

document-oriented XML, which usually has a complex 

schema. This class of data usually causes a problem in the 

lazy DFA approach because of its large data guide [14]. 

Onizuka clustered a large query workload into a number 

of smaller query workloads. Although this can reduce the 

soft upper bound of lazy DFA, it does not reduce the hard 

upper bound. Thus, the upper bound of lazy DFA still 

depends on a query workload and can be large. Therefore, 

this clustered lazy DFA approach can hardly achieve its 

stable phase, which can be observed from its experimental 

results.  

Other approaches such as WebFilter [12] uses different 

approach based on the technique in [11], which treats an 

XML document as a set of attribute value pairs and an 

XPath expression as a collection of predicate pairs. [16] 

uses views of XML documents to speed up the processing 

time, which means that it needs to augment the query 

processor. Those approaches are interesting options and 

need further investigation to be compared with automata 

based approach. 

3 THE STRUCTURE INDEX 

In this section, we introduce the Structure Index, which is 

document structure derived from the input XML 

documents. It can be used to preprocess the structure 

navigation part of XPath queries. At runtime, the Structure 

Index can be used to efficiently find queries that match a 

given XML document by traversing its structure, and 

perform additional computation for predicate evaluation.  

Example 3.1 Given two linear XPath queries: 

Q1 = /a/*/c//d[text()=”a2z”] 

Q2 = //d[text()=”t”] 

This example will be used as an example in subsequent 

sections.  

3.1 Document Structure 

Document structure is a minimal structure of an XML 

document which is sufficient to answer structure 

navigation part of an XPath expression. It ignores element 

values, attribute values, duplicate elements, and document 

order since those information are not essential for 

structure navigation part. This is similar to an index 

structure for XML data such as DataGuides [14], the Index 

Fabric [7], and ViST [31]. However, those index 

structures have a goal to index the data to facilitate 

efficient query processing, while our document structure 

has a goal to extract the structure of data that can be used 

to preprocess queries. An example of an XML document 

and its document structure is shown in Figure 1.  

 

3.2 The Structure Index and Preprocessing 

Structure Index is constructed by representing each 

element or attribute node as a node in a Structure Index, 

called Index Node. The relationships between Index 

Nodes are the same as parent-child relationship in nodes 

of document structure. This  index will be used (as an 

XML document tree) to preprocess the structural 

navigation part of XPath queries.  It will attempt to find all 

possible ways that the structural parts of the queries can be 

matched with this XML document tree. Subsequently, 

each result from structure matching is stored at the Index 

Node that it matches. Figure 2 is a Structure Index 

resulting from document structure in Figure 1 (b), after 

queries from Example 3.1 are preprocessed. Each oval 

represents an Index Node where a text box shows queries 

that match at this Index Node. The algorithm to construct 

the Structure Index is described in Section 3.6. 

 

<a m=”1”>  

  <b> 

    <c n=”1”>  

      <d> 

        <e> 

          <f>3</f> 

          <c/> 

        </e> 

      </d> 

    </c> 

  </b> 

  <b> 

    <c n=”2”> 

(a) (b) 

Figure 1. An XML document (a) and its document 

structure (b). 
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      </d> 



 

 
As a side benefit, the Structure Index also maintains containment 

and equivalence relationships between queries. These 

relationships could be used to easily find containment and 

equivalence for XPath queries, which has shown to be at worst 

coNP-complete in general in [19], between XPath queries with 

the given document and workload. As an example in Figure 2, it 

can be easily observed that query Q2 contains query Q1 under 

this structure domain since all nodes that the query Q1 match are 

also match by query Q2. 

3.2.1 Preprocessing of Value-based Predicates 

In a large query workload, there may be a large number of 

queries that have their structure navigation part matching 

at the same Index Node (as in d
1
 node of Figure 2). Thus, 

this leaves a large number of value-based predicates to be 

evaluated at that node. A naïve solution is to evaluate 

those value-based predicates separately, which does not 

scale well. Here, we use Atomic Predicate Index from [17] 

to preprocess those value-based predicates. However, 

since we use the term value-based predicate, we slightly 

change its name to Value-based Predicate Index. 

3.3 Processing an XML Stream with the 

Structure Index 

In this section, we explain how a Structure Index can be 

used to process an XML stream using SAX parser. To 

process an XML stream with a Structure Index, we need a 

pointer to point to the current Index Node and a stack to 

maintain the previous Index Nodes. At this stage, we only 

interested in the start and end element events, and assume 

that character data is provided with an end element event. 

Attributes are simulated to be the same as elements except 

that its element name is added with a character ‘@’. 

Those tasks can be easily done as a mediation process 

between the SAX parser and the Structure Index. The 

processing of modified SAX events is described below. 

Initially, the current Index Node is set to root. On a start 

element event, we push the current Index Node on the 

stack and lookup for a next Index Node with the name 

from the start element event. This takes only O(1) time, 

since a lookup is implemented as a hash table lookup. On 

an end element event, we evaluate the value-based 

predicate index of the current Index Node with a given 

character data. This takes only O(log2p) time, where p is a 

number of value-based predicates of that node, because 

the value-based predicate index is implemented as a 

binary search tree. All queries where their value-based 

predicates are evaluated to true, and queries without 

value-based predicates are considered as match queries. 

At the end, we pop the previous Index Node from the stack 

and set it as the current Index Node.  

 

As a running example, we use the Structure Index in 

Figure 2 and modified SAX events in Figure 3 (b). At the 

beginning, a current Index Node start at root element 

Next, we see a startElement(a). We push the 

current Index Node (root) to a stack, perform a lookup, 

and set the current Index Node to a Index Node. Next, we 

see a startElement(@m) and process it similarly to 

the previous event. Now, we see an 

endElement(“1”). Since there is no queries match at 

this Index Node, we simply pop an Index Node from the 

stack (root) and set the current Index Node to that Index 

Node (root). The subsequent events are processed 

similarly until we reach an end element event of d
1
 Index 

Node, an endElement(“a2z”). At this Index Node, 

the current Index Node points to Index Node d
1
, which we 

can see that both queries Q1 and Q2 match; thus, we need 

to evaluate the value-based predicate index of this node. 

After evaluating the value-based predicate index with data 

value “a2z”, the value-based predicate of query Q1 is 

evaluated to true, while the value-based predicate of query 

Q2 is evaluated to false. As a result, only query Q1 

matches this document at this stage. Later on, we reach the 

end element of d
2
 Index Node, which is an 

endElement(“char”). Again, we evaluate the 

value-based predicate index of this node, but no 

value-based predicate is evaluated to true. At the end, only 

query Q1 matches with this XML document. This running 

example has shown that the Structure Index can be used to 

efficiently find match queries. 

In summary, processing XML stream with a Structure 

Index takes O(1) for each start element event and takes 

O(log2p) for each end element event. This O(log2p) can be 

considered as a constant compare to the size of queries in a 

workload. Therefore, the processing time per SAX event 

of Structure Index for linear XPath queries is 

approximately a constant, independent of the query 

workload. 

3.4 The Size of the Structure Index 

As the Structure Index is document structure derived from 

the input XML documents, it can be observed that the size 
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c1 d1 

@n 

e f 

c2 

root 

Q2: text()=”t” 

  Q1:text()=”a2z” 

  Q2: text()=”t” 

<a m=”1”>  

  <b> 

    <c n=”2”> 

      <d>a<e>2</e>z</d> 

    </c> 

  </b> 

  <d>char</d> 

</a> 

 

startElement(a) 

  startElement(@m) 

  endElement(“1”) 

  startElement(b) 

    startElement(c) 

      startElement(@n) 

      endElement(“2”) 

      startElement(d) 

        startElement(e) 

        endElement(“2”) 

      endElement(“a2z”) 

    endElement(“a2z”) 

(a) (b

Figure 3. An XML document (a) and its modified SAX 

events (b). 

Figure 2. A Structure Index from document structure in 

Figure  1(b) after queries from Example 3.1 are 

preprocessed 



of the Structure Index depends on the schema of the input 

XML documents. A definition of document structure 

results in the data guide [14] of input XML data. 

Therefore, the upper bound of the size of the Structure 

Index is the size of DataGuides, and does not depend on 

the size of a query workload. An empirical observation in 

[15] reveals that the size of DataGuides is usually small in 

real data regardless of its schema for data-oriented XML, 

because real data tends not to exploit all possible patterns 

allowed by its schema. On the other hand, for datasets 

where its data guide is large, the size of the Structure 

Index can be large. This affects the performance of the 

Structure Index significantly both in time (due to its Index 

Node construction), and space (due to the space usage of 

Index Nodes). This becomes the same characteristic as 

with lazy DFA. 

Additionally, to validate the size of the Structure Index, 

we also show, in Figure 4, the number of Index Nodes in 

Structure Indexes of three different datasets, which are 

Protein [27], NASA [23] and NITF [8] datasets which is 

used in [15] and [9]. Table 1 shows some characteristics of 

the schemas of these three datasets. 

Table 1. Characteristics of the schemas of three XML 

datasets. 

Dataset Number of 

element names 

Number of 

attributes 

Recursive 

schema 

Protein 64 13 No 

NASA 142 197 Yes 

NITF 123 510 Yes 

For each dataset, we extract the first 200 XML documents 

from the real dataset. In comparison, we also try to 

generate synthetic data to be similar to the real data. Since 

the Protein dataset has a maximum depth of 7, we generate 

its synthetic using D=7 and RP=2. NASA has a maximum 

depth of 8, so we generate its synthetic data using D=8 and 

RP=2. However, we do not have real data for NITF, thus, 

we generate it using the same parameter as in synthetic 

NASA dataset. Table 2 show some characteristics of three 

XML datasets. The results are shown in Figure 4.  

Table 2. Characteristics of three XML datasets. 

Dataset Number of 

elements 

Number of 

attributes 

No. of 

elements and 

attributes 

Protein – Real 19336 1254 20590 

Protein – Synthetic 19521 8891 28412 

NASA – Real 39574 4152 43762 

NASA – Synthetic 25860 25703 51563 

NITF – Synthetic 7652 29365 37017 

From Figure 4, it can be seen that there is a huge 

difference in the number of Index Nodes between real and 

synthetic data. In this result, the number of Index Nodes of 

synthetic data continues to increase since its upper bound 

is large, and it cannot reach its upper bound. In contrast, 

the upper bound of real dataset is very small. After a short 

period, the number of Index Nodes almost reaches the 

upper bound, and becomes almost constant. In addition, it 

can be seen that synthetic data of the Protein dataset has 

the same characteristic as real data because its schema is 

non-recursive. Thus, its synthetic data cannot be much 

different from its real data  

Nevertheless, another major space usage in the Structure 

Index is the XPath expression table, which contains 

pointers to the XPath expressions that kept at each Index 

Node (for fast maintenance of the index in case of 

document updates). The size of this table grows linearly 

with the size of queries in a workload. However, this 

XPath expression table is used to improve the 

performance of Index Node construction, and can be 

removed to save more space. 
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3.5 Warm-up and Stable Phase 

The processing of Structure Index can be divided into two 

phases, which are warm-up phase and stable phase. The 

warm-up phase is a phase where most of Index Nodes of 

Structure Index are constructed. This Index Node 

construction accounts for most of the processing time in 

the warm-up phase. However, this processing overhead 

only occurs at the beginning of the process. After it 

reaches its stable phase, there is virtually no processing 

overhead because construction of Index Nodes does not 

occur or rarely occurs.  At this stage, the processing time 

becomes approximately constant as analyzed previously. 

Nevertheless, under certain circumstance where data is 

synthetic and their schemas are recursive, it is possible 

that its stable phase will not be reached, and the processing 

overhead from constructing an index is unavoidable. 

However, this situation hardly occurs in practice for 

data-oriented XML. To verify this analysis, we show the 

number of Index Node construction, using the same 

datasets from previous section, in Figure 5. The reported 

number is an average number for groups of ten XML 

documents. 

Figure 4. Number of Index Nodes of three different 

datasets for real data and synthetic data. 
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From Figure 5, it can be seen that, for real data, major 

constructions of Index Nodes occur at the very beginning 

of the processing, and becomes zero, or a few after that. 

On the other hand, for synthetic data, constructions of 

Index Node are unavoidable because of its large upper 

bound. Again, synthetic data of protein dataset has the 

same characteristics as real data because of its 

non-recursive schema. 

3.6 Maintaining the Structure Index 

3.6.1 Structure Update  

Structure update occurs when the Structure Index 

encounters unknown document structure and needs to 

construct Index Nodes for this new document structure. 

This process can be viewed as a learning process of the 

Structure Index. An algorithm to construct a new Index 

Node is given in Algorithm 3.1. 

Algorithm 3.1 An algorithm to construct an Index Node 

Method UPDATE-STRUCTURE (P, t) 

Input: P is a parent Index Node where an update occur 

 t is a name of found element or attribute. 

Data: XPT is an XPath expression table of Index Node 

P 

Output: N is a new Index Node which is a child of P 

1 Create new Index Node N; 

2 Find XPath expression in XPT that has a name test t; 

3 for (each expression e with name test t) 

4   INSERT-EXPR (N, e); 

5 Find XPath expression in XPT that has a name test *; 

6 for (each expression e with name test *) 

7  INSERT-EXPR (N, e); 

8 p = parent of P; 

9 while (p is not the root node) 

10   Find XPath expression in XPT of p that has a 

name test t with a descendant axis; 

11   for (each expression e with name test t) 

12    INSERT-EXPR (N, e); 

13  Find XPath expression in XPT of p that has a 

name test * with a descendant axis; 

14   for (each expression e with name test *) 

15    INSERT-EXPR (N, e); 

16   p = parent of p; 

17 set N as a children of P; 

18 return N; 

 

Method INSERT-EXPR (N, e) 

Input: N is an Index Node 

 e is a name of found element or attribute. 

Data: XPT is an XPath expression table of Index Node 

N 

 MQ is a list of XPath queries that match at Index 

Node N 

 VPI is a value-based predicate index for XPath 

queries that its structure navigation part match at 

Index Node N 

1 c = child of the main path of e; 

2 if (c is NULL) 

3   Insert c in MQ; 

4 else if (c is a valued-based predicate) 

5   Insert c in VPI; 

6 else 
7   Insert c in XPT; 

8 for (each predicate p of e) 

9   if (p is a valued-based predicate) 

10    Insert p in VPI; 

11   else 

12    Insert p in XPT; 

 

Intuitively, this algorithm simply evaluates queries with 

the Structure Index. In this algorithm, structure update 

occurs at an Index Node P with a new element or attribute 

t. In each Index Node, important information are kept, 

which are XPT, an XPath expression table of XPath 

fragments of queries that match at this node, MQ, a list of 

queries that match at this node, and VPI, a value-based 

predicate index which is used to evaluate value-based 

predicates of queries that match at this node. Then, a new 

Index Node is constructed, and all XPath fragments that 

have node test t and * need to insert in this new Index 

Node. In addition, we also need to look for XPath 

fragments that have node test t and * at each ancestor, 

because the descendant axis can match at any level. 

Alternatively, we can insert XPath fragments with 

descendant axis at all of its descendant nodes, but this 

requires more space, and the former method makes space 

usage of the Structure Index less sensitive to the 

descendant axis. 

3.6.2 Query Update 

Query update occurs when there is an update in the query 

workload. There are two types of query update, insertion 

and deletion. 

Query insertion can be viewed as evaluating one query 

with one XML document, since the Structure Index is 

simply a structural part of XML documents. Generally, 

Figure 5. The number of Index Node construction from 

three different datasets for real and synthetic data. 



query insertion is very efficient because the Structure 

Index is usually very small in data-oriented XML. 

Additional work is required to insert value-based 

predicates into a valued-based predicate index at each 

corresponding Index Node. This is also very efficient 

because valued-based predicate index is implemented as a 

binary search tree.  

Query deletion can be done by traversing the whole 

Structure Index and removing the query from each Index 

Node. This is also efficient because the Structure Index is 

usually very small in data-oriented XML. 

3.7 Nested Paths 

In this section, we extend the Structure Index to handle 

more complex XPath queries, queries with nested paths. 

This kind of queries is more complex and quite different 

from the problem of linear XPath queries. One general 

approach that can be used to deal with this problem is to 

decompose an XPath query with nested paths as multiple 

linear XPath queries, and combine results from each linear 

XPath query to answer the query with nested paths. This 

approach is demonstrated in Example 3.2.  

Example 3.2 Given the XPath query from Example 1.1: 

Q0 = /a/*[c/@n>1][//d=3]//c 

It can be decomposed into the following linear XPath 

queries: 

Q3.0 (main) = /a/*//c 

Q3.1 (nested) = /a/*/c/@n>1 

Q3.2 (nested) = /a/*//d=3 

However, this approach becomes complicated since each 

nested path must match under the same element of a 

document. To avoid this problem, we use a slightly 

different approach by viewing an XPath query with nested 

paths as a tree of linear queries.  

In addition, from an empirical observation with 

data-oriented XML, a major difference between queries in 

the query workload is not in their structure navigation part, 

but in their predicate evaluation part. This is because 

possible patterns of linear XPath queries without 

predicates is quite limited. For example, consider different 

the XPath queries in the form: 

//keyword[text()=”database”] 

//keyword[text()=”XML”] 

//keyword[text()=”XPath”] 

... 

Those queries have the same structure navigation part, but 

are different in their predicate evaluation part. This kind of 

query is likely to happen and the domain values which can 

be used in the predicate evaluation part is very large. As a 

result, in a large query workload, there will be a large 

number of value-based predicates to be evaluated, and 

only a small amount of those value-based predicate will 

evaluate to true. Therefore, we take advantage of this 

observation by using the concept of trigger, where each 

query has its Trigger Tree, and the processing of a trigger 

occurs only when value-based predicates are evaluated to 

true. This Trigger Tree allows a processing of arbitrary 

nested paths and can be extended to support an XPath 

query with boolean connectors. This approach to handle 

XPath queries with nested paths are further described in 

the following subsections. 

3.7.1 Query Tree 

A query tree is a tree that represents an XPath query. A 

query tree of the query from Example 3.2 is shown in 

Figure 6. It should be noticed that both nested paths 

c/@n>1 and //d=3 are represented as 

c/@n[text()>1] and //d[text()=3] respectively 

since those forms can also represent main path with 

value-based predicate, and it evaluate to the same result. 

 

3.7.2 Trigger Tree 

A Trigger Tree is a tree of trigger node that represents a 

structure of an XPath query. A query tree of a query from 

Example 3.2 is shown in Figure 7. 

 

Later on, a Trigger Tree is preprocessed with the Structure 

Index. This is illustrated in Figure 8 where the Structure 

Index from document structure in Figure 1 (b) is 

preprocessed with a Trigger Tree in Figure 7. 

 

 

 

 

/a/* //c 

c/@n[text>1] 

//d[text=3] 

Figure 7. A trigger tree of a query from Example 3.2. 

Figure 8. A Structure Index from document structure in 

Figure 1(b) after a Trigger Tree in Figure 7 is 

preprocessed. 
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 //d[text=3] 

c/@n[text>1] 
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//c 

//c 

a * //c 

c @n text()>1 

//d text()=3 

Figure 6. A query tree represents a query from Example 3.2. 



3.7.3 Trigger Tree at Run time 

At run time, input XML documents are processed 

similarly to the processing described in Section 3.3. 

Additional work is that when a nested predicate matches, 

it needs to trigger its parent; and if all children of the 

parent match, the parent becomes true, and the following 

condition is checked. If this trigger node (parent) also has 

a parent, again, it needs to trigger its parent. If it does not 

have a parent, it means that this node is a root node of a 

Trigger Tree and a query corresponding to this node match 

with this document. Nevertheless, extra work to clean up a 

Trigger Tree, and some duplicate triggers has to be 

handled carefully. 

4 EXPERIMENTS 

This section presents various experiments of the Structure 

Index. Our execution environment consists of a Pentium 

III 600 Mhz processor with 512MB memory running JVM 

1.4.1 on Linux kernel 2.4.22. The SAX parser we used is 

Xerces2 Java Parser 2.5.0 [2] in non-validating mode.  

The NASA XML dataset [23] is chosen as an experiment 

dataset because it is a data-oriented XML with recursive 

schema. We used the first 200 XML documents 

concatenated into a single file. We use a modified version 

of the XPath generator in [9] to generate synthetic XPath 

queries in distinct mode. The modification is to generate 

value-based predicates using data values from the NASA 

XML dataset. 

All the numbers reported are averages of this dataset 

unless stated otherwise. The probability of wildcard (*) 

and descendant axis (//) is set to 20%. All reported 

processing times are in milliseconds, including document 

parsing time. 

4.1 Experiment 1: Linear XPath Queries 

The first experiment shows the performance of the 

Structure Index when the query workload consist of linear 

XPath queries. We varied the size of a query workload 

from 1,000 to 1,000,000. The processing time reported in 

the graph is the processing time for each XML document. 

The reported time is an average time for each ten XML 

documents.The results are shown in Figure 10. 
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This experimental result has shown that, after the short 

warm-up phase, our approach is extremely efficient. It 

uses constant processing time independent of the query 

workload. A little fluctuation comes from a few Index 

Node constructions that rarely occur after the short 

warm-up phase. Also, it should be noted that the 

processing time of the warm-up phase depends on the size 

of queries. This result comes from the construction cost of 

Index Nodes, which is more expensive when the query 

workload is large. 

In comparison, we also use synthetic NASA data from 

Section 3.4. To ease the comparison, we plotted one result 

from real NASA dataset at the query size of 100,000. We 

ran the experiment with the same above setting. The 

results are shown in Figure 11. 

From this result, there is a huge difference between the 

processing time of synthetic data and real data as can be 

compare in the case of 100,000 queries. Synthetic data 

takes much more processing time, and depends on the 

query workload, because it cannot achieve its stable phase.  

In brief, for real data-oriented XML, the processing time 

of the Structure Index is about constant independent of the 

query workload, while, for synthetic data, it cannot 

achieve its stable phase and results in decreased 

performance. 
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4.2 Experiment 2: XPath Queries with Nested 

Paths 

In this experiment, we evaluate the performance of the 

Structure Index with Trigger Trees when the query 

workload consists of XPath queries with nested paths. We 

varied the size of a query workload from 10,000 to 50,000. 

The probability of equal, range, and not equal operators 

are set to 80%, 10% and 10% respectively. All reported 

time is the processing time in stable phase. In the first 

experiment, we show that the processing time of Trigger 

Tree depends largely on selectivity of value-based 

Figure 9. The processing time of real NASA data for 1k, 

10k, 100k, 1000k queries. 

Figure 10. The processing time of synthetic NASA data 

for 1k, 10k, 100k queries. 



predicates. All queries have 3 nested paths. We vary 

percentage of nested paths without value-based from 0, 

25, 50, 75, and 100 percent. The result is shown in Figure 

12. 
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It can be seen from this figure that the scalability depends 

on the percentage of nested paths without value-based 

predicates, where pure nested paths with value-based 

predicates (0%) has the best scalability, and pure nested 

paths without value-based predicates (100%) has the 

worst scalability. Also, the scalability of pure nested paths 

with value-based predicates is quite distinct from the 

others. Obviously, this comes from the selectivity of 

value-based predicates because a nested path with 

value-based predicate has a much higher selectivity. To 

gain more understanding on this result, the number of 

triggers is shown in Figure 13. 
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This figure is very similar to the previous figure. This 

result verifies that the processing time of Trigger Tree 

depends primarily on the number of triggers. In addition, 

when all nested paths have value-based predicates (0%), 

Trigger Tree is very efficient. This result leads to the 

concept of post-processing where less selective 

value-based predicates are processed after more selective 

value-based predicates has been satisfied. 

4.3 Experiment 3: XPath Queries with Nested 

Paths using Post-processing Concept 

This experiment demonstrates the performance of the 

Structure Index with Trigger Tree using post-processing 

concept, when the query workload consists of XPath 

queries with nested paths. The first result in Figure 14 

shows the processing time of a Trigger Tree using 

post-processing concept.  
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From this figure, it can be seen that post-processing 

significantly improves the performance because it post 

process value-based predicates with low selectivity. 

Nevertheless, for the case of pure nested paths without 

value-based predicates (0%), the result is the same as in 

the previous experiment. In this case, post-processing 

cannot help because all its paths have low selectivity. To 

gain more understanding, we also show the number of 

triggers in Figure 15. 
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As predicted, post-processing greatly reduces the number 

of triggers. In fact, the number of triggers is even less than 

the number of triggers of pure nested paths with 

value-based predicates from the previous experiment. 

This comes from that post-processing also postpone range 

and not equal operators since it has lower selectivity than 

Figure 11. A comparison of the processing time for 

queries with nested paths with/without value-based 

predicates. 

Figure 12. A comparison of the number of triggers for 

queries with nested paths with/without value-based 

predicate. 

Figure 13.  A comparison of the processing time for 

queries with nested paths with/without value-based 

predicates using post-processing concept. 

Figure 14. A comparison of the number of triggers for 

queries with nested paths with/without value-based 

predicates using post-processing concept. 



an equal operator. Again, the number of trigger of pure 

nested paths without value-based predicates far exceeds 

the others. 

Next, we show the performance of post-processing 

concept while varying the number of nested paths from 2, 

5, and 8 nested paths. In this experiment, we vary the 

number of queries from 20000 to 100000. We set the 

percentage of nested paths without value-based predicate 

to 67 percent in all queries since nested path tends to end 

with value-based predicates. Other parameters are the 

same as in the experiment 2. The result is shown in Figure 

16. 
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From this result, the performance of Trigger Tree with 

post-processing is highly scalable to a large number of 

nested paths. In fact, queries with 2 nested paths use more 

processing time than the others. Again, this comes from 

the selectivity of the value-based predicates since more 

nested paths means more chance for a query to has more 

selective value-based predicates. However, queries with 8 

nested paths also use more processing time than queries 

with 5 nested paths. This comes from the number of 

decomposed linear queries, where 5 nested paths 

decompose to 600,000 linear queries, and 8 nested paths 

decompose to 900,000 linear queries. Thus, there is more 

chance for value-based predicates of queries with 8 nested 

paths to be evaluated to true, while queries with 5 nested 

paths is the most balance between its selectivity, and the 

number of decomposed linear queries. 

5 CONCLUSIONS 

In this paper, we proposed a novel approach called 

Structure Index for evaluating a large number of XPath 

queries on XML streaming data. Our focus is on 

data-oriented XML which has many practical 

applications. Our approach is based on the document 

structure, which can be easily derived from the input XML 

documents. After that, XPath queries are preprocessed and 

annotated into the Structure Index to facilitate efficient 

matching against future input XML documents. We 

analyzed the efficiency of the Structure Index both in time 

and space, and also by experiments. After a short warm-up 

phase, it achieves constant processing time, O(1), per 

SAX event independent of the query workload for linear 

XPath queries. In addition, we proposed a method called 

Trigger Tree to efficiently evaluate XPath queries with 

nested paths. This method is scalable in both the number 

of nested paths and the number of value-based predicates 

when the queries have at least one value-based predicate. 

For space usage, the space efficiency of the Structure 

Index depends on the size of the structure of the input 

XML, which is usually very small for data-oriented XML. 

The maintenance cost (query update) of our approach is 

also very efficient because it also depends on the size of 

(small) document structure.  
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