
 
Extending XML Query Language by using Divide and 

Conditional-Join Queries 
 

Muhammad Ismail Pasha 
School of Computing, University of North Florida, Jacksonville, FL 32224, USA 

 
 
 
Abstract- XQery is widely used as an XML 
Query language in databases. In this paper, we 
propose two possible extensions to XQuery. The 
first extension allows the processing of different 
kinds of windows over an input sequence; i.e., 
sliding and landmark windows. This query is 
named DIVIDE Query in this paper. The second 
extension provides support to infinite sequences. 
This query is named CONDITIONAL JOIN 
Query in this paper. Both these extensions have 
been integrated into a Java-based open source 
XQuery engine and are demonstrated. This 
paper gives details of this implementation and 
presents some evaluation results also. 
 
 

1. Introduction 
 

XML is widely used as a data format for three 
kinds of data: (a) communication data, (b) meta 
data, and (c) documents. Communication data 
has been the first big success story: XML is 
used as the format to exchange data in Web 
Services or to represent streams as RSS or Atom 
feeds. Examples for metadata represented in 
XML are configuration files, schemas (e.g., 
XML schemas, the Vista file system), design 
specifications, interface descriptions (e.g., 
WSDL), or logs (e.g., Web logs). In the 
document world, big vendors such as Sun 
(OpenOffice) and Microsoft (MS Office) have 
also moved towards representing their data in 
XML. XHTML and RSS blogs are further 
examples that show the success of XML in this 
domain. 

With an increasing amount of XML 
data, there has been an greater demand to find 
the right paradigms to process this data. 
Arguably, XQuery is the most promising 
programming language for this purpose [6]. 
XQuery 1.0 is a recommendation of the W3C. 
So far, almost fifty XQuery implementations are 
advertised on the W3C web pages, including 
implementations from all major database 
vendors and several open source offerings. Even 
though XQuery 1.0 is extremely powerful, it 
lacks important functionality. In particular, 
XQuery 1.0 lacks support for window queries 
and continuous queries. This omission is 
somewhat disappointing because exactly this 
support is needed to process the main targets of 
XML: Communication data, meta-data, and 
documents [9]. 

The purpose of this work is to propose 
some extensions to XQuery in order to support 
window queries and continuous queries. The 
goal is to have an extension that is appropriate 
for use cases and classic streaming applications 
for which the SQL extensions were designed 
and the more progressive use cases of the XML 
world (i.e., RSS feeds and document 
management). At the same time, the 
performance should be comparable to the 
performance of continuous SQL queries: There 
should not be a performance penalty for using 
XQuery.  
 
Types of Windows 
Previous work on extending SQL to support 
windows has identified different kinds of 
windows; sliding windows, and landmark 
windows [3]. The three types of windows differ 



in the way windows overlap: tumbling windows 
do not overlap; sliding windows overlap, but 
have disjoint first items; and landmark windows 
can overlap in any way. Following the 
experiences made with SQL, we propose to 
support these three kinds of windows in 
XQuery, too. This subsection describes how the 
DIVIDE clause can be used to support these 
kinds of windows. 

Furthermore, previous work on windows 
for SQL proposed alternative ways to define the 
window boundaries (start and end of a window). 
Here, all published SQL extensions [4] propose 
to define windows based on size (i.e., number of 
items) or duration (time span between the 
arrival of the first and last item). Our proposal 
for XQuery is more general and is based on 
using predicates in order to define window 
boundaries. One of the consequences of having 
predicate based window boundaries is that the 
union of all windows does not necessarily cover 
the whole input sequence; that is, it is possible 
that an input item is not part of any window. 
 
Various Scenarios of XQuery  
The following simple example illustrates the 
need for an XQuery extension. It involves a 
blog with RSS items of the following form: 
 
<rss:item> 
... <rss:author>...</rss:author> ... 
</rss:item> 
 
Given such a blog, the goal is to find all authors 
who have posted three consecutive items in the 
RSS feed. This query involves a three-way self 
join which is not only tedious to specify but also 
difficult to optimize. This clause partitions the 
blog into sequences of postings of the same 
author (i.e., windows) and iterates over these 
windows. If a window contains three or more 
postings, then the author of this window of 
postings is annoying and the author is returned.  

The rest of the paper is organized as 
below. Section 2 presents Divide query, Section 
3 presents Conditional Join query, Section 4 
Presents the joint (combined) query, Section 5 
Presents the implementation details and Section 
6 presents evaluation studies. Finally, Section 7 
presents concluding remarks. 
 
 
2. DIVIDE Query 
 
Figure 1 gives an example of the DIVIDE 
query. The DIVIDE clause is an extension of 
the famous FLWOR expressions of XQuery. It 
is freely composable with other FOR, LET, and 
DIVIDE clauses. Furthermore, FLWOR 
expressions that involve a DIVIDE clause can 
have an optional WHERE and/or ORDER BY 
clause and must have a RETURN clause, just as 
any other FLWOR expression.  
 
FLWORExpr ::= 
(ForseqClause|ForClause|LetClause) + 
WhereClause? OrderByClause? ”return” 
ExprSingle 
ForseqClause ::= ”forseq” ”$”V arName 
TypeDeclaration? ”in” ExprSingle 
WindowType? 
(”, ””$”V arName TypeDeclaration? ”in” 
ExprSingle WindowType?)_ 
WindowType ::= (”tumbling window”|”sliding 
window”|”landmark window”) StartExpr 
EndExpr 
StartExpr ::= ”start” WindowV ars? ”when” 
ExprSingle 
EndExpr ::= ”force”? ”end” WindowV ars? 
”when” (”newstart”|ExprSingle) 
WindowV ars ::= 
(”position”|”curItem”|”prevItem”|”nextItem”) 
”$”V arName TypeDeclaration? 
 
Figure 1: An Example of DIVIDE query 
language. 
 



Like the FOR clause, the DIVIDE clause 
iterates over an input sequence and binds a 
variable with every iteration. The difference is 
that the DIVIDE clause binds the variable to a 
sub-sequence (aka window) of the input 
sequence in each iteration, whereas the FOR 
clause binds the variable to an item of the input 
sequence. To which sub-sequences the variable 
is bound is determined by additional clauses.  
 
 
3. CONDITIONAL JOIN Query 

 
The second extension proposed in this paper 
makes XQuery a candidate language to specify 
continuous queries on potentially infinite data 
streams. In fact, this extension is orthogonal to 
the first extension, the DIVIDE clause: Both 
extensions are useful independently, although 
we believe that they will often be used together 
in practice. The CONDITIONAL JOIN Query 
for the abc string [9] looks as in Figure 2 for the 
same DIVIDE clause provided earlier. The 
nodes represent the clause elements and the arcs 
(bidirectional) represent the relationships 
(predicates). Dotted arcs represent the 
dependency clauses and solid arcs are the main 
relationships. 
 

 
Figure 2: An Example CONDITIONAL JOIN 
query for string abc 
 
The idea is to extend the XQuery data model 
(XDM) to support infinite sequences as legal 
instances of XDM. As a result, XQuery 

expressions can take an infinite sequence as 
input. Likewise, XQuery expressions can 
produce infinite sequences as output. This 
particular extension of XDM for infinite 
sequences is straightforward to implement in 
XQuery. The idea is to extend the semantics of 
non-blocking functions (e.g., for, DIVIDE, let, 
distinct-values, all path expressions) for infinite 
input sequences and to specify that these non-
blocking functions (potentially) produce infinite 
output. Other non-blocking functions such as 
retrieving the ith element (for some integer i) are 
also defined on infinite input sequences, but 
generate finite output sequences. 
 
 
4. Combined Queries: Some Examples 
and the Algorithm 

 
This section contains some examples to 
demonstrate the expressive power of the 
DIVIDE query and CONDITIONAL JOIN 
query.  

These examples are inspired by 
applications on Web log auditing, financial data 
management, building / gate control, and sensor 
networks. A more comprehensive set of 
examples from these application areas and real 
customer use cases can be found in [10]. 
 
4.1 Web log analysis example 
 
The first example involves the analysis of a log 
of a (Web-based) application. The log is a 
sequence of entries. Among others, each entry 
contains a timestamp (tstamp element) and the 
operation (op) carried out by the user. This 
query involves a time-based tumbling window. 
The XQuery 1.0 recommendation supports the 
subtraction of timestamps, and ’PT1H’ is the 
ISO (and XQuery 1.0) way to represent a time 
duration of one hour. This query also works on 
an infinite Web log for online monitoring of the 
log because the DIVIDE clause is non-blocking. 



If we consider the query presented in [9], 
then the analysis reports look as in Figure 3. 
Note that at level-1 the value is more for 2-
interchnages and 3-interchanges. 
 

 
 
Figure 3: Analysis report for 2, 3, 4, 5 and 6 
integer combinations and with 2 levels. 
 
4.2 Stock ticker example 
 
The second example shows how DIVIDE can be 
used in order to monitor an (infinite) stock 
ticker. For this example, it is assumed that the 
input is an infinite sequence of (stock) ticks; 
each stock tick contains the symbol of the stock 
(e.g., “YHOO”), the price of that stock, and a 
timestamp. The stock ticks are ordered by time. 
The query detects whenever a stock has gained 
more than ten percent in one hour. 
 
 declare variable $ticker as (tick)** external; 
DIVIDE $w in $ticker sliding window start 
curItem $f when fn:true() end curItem $l when 
$l/price ge $f/price * 1.1 and $l/symbol eq 
$f/symbol where $f/tstamp - $l/tstamp le ’PT1H’ 
return $l  
This query uses sliding windows in order to 
detect all possible sequences of ticks in which 
the price of the last tick is at least ten percent 

higher than the price of the first tick, for the 
same stock symbol. The WHERE clause checks 
whether this increase in price was within one 
hour. 
 
4.3 Timeouts example 
 
A requirement in some monitoring applications 
is the definition of timeouts. For example, a 
doctor should be notified if the blood pressure 
of a patient does not drop significantly ten 
minutes after a certain medication has been 
given. As another example, a supervisor should 
react when a firefighter enters a burning 
building and stays longer than one hour. In 
order to implement the firefighter example, two 
data streams are needed. The first stream 
records events of the following form: <event 
person = ‘‘name’’ direction=’’in/out’’ 
tstamp=’’timestamp’’/>. The second stream is a 
heartbeat of the form: <tick 
tstamp=’’timestamp’’/>. This heartbeat could be 
generated by a system-defined function of the 
XQuery engine. 
 
declare variable $evts as (event)** external; 
declare variable $heartb as (tick)** external; 
DIVIDE $w in fn:union($evts, $heartb) sliding 
window 
start $curItem $in when $in/direction eq ‘‘in’’ 
end $curItem $last 
when $last/tstamp - $in/tstamp ge ’PT1H’ 
or ($last/direction = ‘‘out’’ and 
$last/person = $in/person) 
where $last/direction neq ‘‘out’’ 
return <alarm> { $in } </alarm> 
 
In this query, a new window is started whenever 
a firefighter enters the building. A window is 
closed either when a firefighter exits the 
building or after an hour has passed. An alarm is 
raised only in the latter case. This example 
assumes that the fn:union() function is 
implemented in a nonblocking way and 



consumes input continuously from all of its 
inputs. 
 
4.4 Sensor state aggregation example 
 
A frequent query pattern in sensor networks 
involves computing the current state of all 
sensors at every given point in time. If the input 
stream contains temperature measurements of 
the following form: 
 
<temp id=’’1’’>10</temp> 
<temp id=’’2’’>15</temp> 
<temp id=’’1’’>15</temp> 
 

 
 
Figure 4: The resultant algorithm with both the 
queries. 
 
5. Implementation 
 
    This section describes how we extended the 
XQuery engine 2, an existing Java-based open-
source XQuery engine, in order to implement 
the DIVIDE clause and continuous XQuery 
processing. We used the extended MXQuery 
engine in order to validate all the use cases of 
[5, 12] and run theLinear Road benchmark. 
       The main purpose of the MXQuery engine 
is to provide an XQuery implementation for 
small and embedded devices; in particular, in 

mobile phones and small gateway computers. 
Within Siemens, for instance, the MXQuery 
engine has been used as part of the Siemens 
Smart Home project in order to control lamps, 
blinds, and other devices according to personal 
preferences and weather information viaWeb 
services. Recently, MXQuery has also been 
used as a reference implementation for the 
XQuery update language and XQueryP the 
XQuery scripting extensions. 

Since MXQuery was designed for 
embedded systems, it has a simple and flexible 
design. The parser is a straightforward XQuery 
parser and creates an expression tree. In a 
functional programming language like XQuery, 
the expression tree plays the same role as the 
relational algebra expression (or operator tree) 
in SQL. The expression tree is normalized using 
the rules of the XQuery formal semantics [1]. 
After that, the expression tree is optimized using 
heuristics. (MXQuery does not have a cost-
based query optimizer.) For optimization, 
MXQuery only implements a dozen of essential 
query rewrite rules such as the elimination of 
redundant sorts and duplicate elimination. The 
final step of compilation is code generation 
during which each expression of the expression 
tree is translated into an iterator that can be 
interpreted at run-time. As in SQL, iterators 
have an open(), next(), close() interface [2]; that 
is, each iterator processes its input an item at a 
time and only processes as much of its input as 
necessary. The iterator tree is often also called 
plan, thereby adopting the SQL query 
processing terminology.  
 
 
6. Evaluation Results 
 
To validate our implementation of DIVIDE and 
continuous XQuery processing, we 
implemented the Linear Road benchmark [5] 
using the extended MXQuery engine. The 
Linear Road benchmark is the only existing 



benchmark for data stream management systems 
(DSMS). The implementation of the benchmark 
on an RDBMS uses standard SQL and stored 
procedures, but no details of the implementation 
have been published. There is also an 
implementation of the benchmark using CQL 
[4]; however, no results of running the 
benchmark with that implementation have been 
published. The results confirm that DIVIDE and 
CONDITIONAL-JOIN queries are not at all 
useful in any way. The relation between number 
of relations and time is provided in Figure 5. We 
used the same experimental setup that is 
provided in [8]. 
 

 
Figure 5: Number of relations vs. Average time 
 
      The benchmark exercises various aspects of 
a DSMS, requiring window-based aggregations, 
stream correlations and joins, efficient storage 
and access to intermediate results and querying 
a large (millions of records) database of 
historical data. The results confirm that DIVIDE 
and CONDITIONAL-JOIN queries are very 
much useful in several ways. Furthermore, the 
benchmark poses real-time requirements: all 
events must be processed within five seconds. 
 

 
Figure 6: Rule graph density vs. average time 
(without having duplicate queries). 
 

 
Figure 7: Rule graph density vs. average time 
(with duplicate queries). 
 
 
7. Conclusions 
 
This paper presented two Java-based extensions 
for XQuery. Similar extensions have been 
proposed recently for SQL, and several ideas of 
those SQL extensions (in particular, the types of 
windows) have been adopted in our design. We 
have explained the extensions with several 
examples, followed by a pseudo-code algorithm. 
Since SQL was designed for different usage 
scenarios, it is important that both SQL and 



XQuery are extended with this functionality: 
Window queries are important for SQL; but 
they are even more important for XQuery. We 
implemented the proposed extensions in an open 
source XQuery platform. The benchmark results 
with rule graph density and average time 
indicate that XQuery stream processing can be 
implemented as efficiently as SQL stream 
processing and that there is no performance 
penalty for using XQuery. 
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