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Abstract

The W3C XML Query Working Group is developing a query language
for XML documents. This talk will provide an update on the work of the
XML Query WG. In particular this talk will cover the proposed syntax for
the XQuery language.

1. The W3C XML Query Working Group

In 1998, when the W3C organized a workshop on XML query languages, a high
degree of interest was shown by the XML, database, and full-text search
communities. As a result, the W3C started the XML Query Working Group, which has
produced an initial design of an XML query language and an XML query algebra.
This talk describes the work of the W3C XML Query Working Group, as expressed in
the five documents released by the Working Group:

XML Query Use Cases http://www.w3.org/TR/xmlquery-use-cases
« XML Query Requirements http://www.w3.org/TR/xmlquery-req

« XML Query Data Model http://www.w3.org/TR/query-datamodel

+  The W3C XML Query Algebra http://www.w3.org/TR/query-algebra

+  XQuery: A Query Language for XML http://www.w3.org/TR/xquery

The purpose of this talk is to provide an introduction, giving the motivation for XQuery
and the XML Query Algebra, and illustrating how they are used with a few examples.
Much more detail is available in the documents themselves, and the most recent
version of each W3C XML Query document is always found at the URLs we have
cited.


http://www.w3.org/TR/xmlquery-use-cases
http://www.w3.org/TR/xmlquery-req
http://www.w3.org/TR/query-datamodel
http://www.w3.org/TR/query-algebra
http://www.w3.org/TR/xquery

1.1. Why XML Query?

XML queries are important because they meet everyday practical needs. Recently,
one survey http://www.nwfusion.com/news/2001/0226xml.html concluded that the
three top reasons that enterprise IT managers use XML are:

»  Users can search more corporate data and search it more accurately.
*  Process the data in new ways.
«  Speed up application development.

An expressive XML query language plays an important role in searching and
repurposing data across the enterprise, and can significantly speed up application
development in many domains.

XML is now used to represent every conceivable type of data, including documents,
relational databases, object repositories, XML repositories, messages, and graphics.
Some of this data is stored natively in XML. Much more data is stored in other
formats or systems, but can be viewed as XML via middleware.

Traditional query languages were designed for specific kinds of data structures, and
are not well suited for the rich mix of data sources found in XML. XQuery, the W3C
XML Query Language, is an expressive query language that uses the structure of
XML to intelligently query any data represented in XML.

The XML Query Algebra allows a precise specification of the values, data types and
structures returned by each construct in XQuery. Much of the type checking can be
performed before the query is executed, providing early detection of errors, and
resulting in a high degree of safety. The precise model of the XML Query Algebra
makes it easier to translate queries in middleware applications; for instance, an
XQuery may be translated into SQL to allow queries against an XML view of a
relational database. In addition, the XML Query Algebra is based on list
comprehensions and set comprehensions, which can provide a basis for query
optimization.


http://www.nwfusion.com/news/2001/0226xml.html

1.2. XQuery: the W3C XML Query Language

XQuery is a small, implementable language, and queries in this language are
concise and easily understood. It is also flexible enough to query a broad spectrum
of XML information sources, including both databases and documents. XQuery is
designed to be easy to read and write, and it uses a keyword-oriented syntax similar
to that of other query languages. The Query Working Group requirements specify
that there will also be an XML-based syntax for queries.

XQuery is derived from an XML query language called Quilt [Quilt: an XML Query
Language for Heterogeneous Data Sources], which in turn borrowed features from
several other languages. From XPath [W3C XPath 1.0] and XQL [XML Query
Language (XQL)] it took a path expression syntax suitable for hierarchical
documents. From XML-QL [A Query Language for XML] it took the notion of binding
variables and then using the bound variables to create new structures. From SQL
[SQL] it took the idea of a series of clauses based on keywords that provide a
pattern for restructuring data (the SELECT-FROM-WHERE pattern in SQL). From
OQL [The Object Database Standard: ODMG-93] it took the notion of a functional
language composed of several different kinds of expressions that can be nested with
full generality. From XML [W3C XML 1.0.] it borrowed the syntax for constructing
elements and attributes. Quilt was also influenced by reading about other XML query
languages such as Lorel [Lorel] and YATL [YATL].

In this paper, we provide a brief introduction to the XQuery language by presenting
several kinds of expressions and showing how they can be combined. For the
examples presented here, we will assume that the file "xmp-data.xml" contains the
following data:

<bi b>
<book year="1994" >
<title>TCP/IP Illustrated</title>
<aut hor >
<| ast >St evens</| ast >
<first>W</first>
</ aut hor >
<publ i sher >Addi son- Wesl ey</ publ i sher>
<price> 65.95</price>
</ book>
<book year="1992">
<title>Advanced Programm ng in the UniXx



environnent</title>
<aut hor >
<| ast >St evens</ | ast >
<first>W</first>
</ aut hor >
<publ i sher >Addi son- Wsl ey</ publ i sher>
<price>65. 95</pri ce>
</ book>
<book year ="2000">
<title>Data on the Wb</title>
<aut hor >
<l ast >Abi t eboul </ | ast >
<first>Serge</first>
</ aut hor >
<aut hor >
<l ast >Bunenman</ | ast >
<first>Peter</first>
</ aut hor >
<aut hor >
<l ast >Suci u</ | ast >
<first>Dan</first>
</ aut hor >
<publ i sher >Mor gan Kauf mann
Publ i sher s</ publ i sher >
<price> 39.95</price>
</ book>
<book year="1999" >
<titl e>The Econom cs of Technol ogy and
Content for Digital TVv</title>
<edi tor>
<l ast >Cer bar g</| ast >
<first>Darcy</first>
<affiliation>CITI</affiliation>
</ editor>
<publ i sher >Kl uwer Acadeni c
Publ i sher s</ publ i sher >
<price>129. 95</ price>
</ book>
</ bi b>

1.2.1. Path Expressions

Path expressions are well suited to querying the tree structure of XML documents,
and are currently the most common way to query documents in the XML community.
XQuery allows path expressions using the abbreviated syntax of XPath 1.0
http://www.w3.org/tr/xpath, with a few extensions. The following XQuery expression
is also a valid XPath 1.0 expression, and has the same meaning:

docunent (" xnp-dat a. xm ")/ bi b/ book[ publ i sher =


http://www.w3.org/tr/xpath

" Addi son- sl ey" AND @ear > 1991]

The result of the above query is as follows:

<book year="1992">
<title>Advanced Programm ng in the UniXx
environment</title>
<aut hor >
<| ast >St evens</ | ast >
<first>W</first>
</ aut hor >
<publ i sher >Addi son- Wsl ey</ publ i sher >
<price>65. 95</ price>
</ book>

It is not necessary to use the document() function when querying collections of
documents. In many cases, a query is written and applied to one or more collections.
If our sample data were stored in a collection that contained only the one document,
the following query, applied to the collection, would yield the same result as the
previous one:

/ bi b/ book[ publ i sher = " Addi son-Wesl ey" AND @ear > 1992]

If the collection contains more than one document, the query returns the result of
applying the query to each document in the collection.

1.2.2. Element Constructors

XQuery allows elements and attributes to be constructed using the same syntax as
XML. For instance, the following expression is a valid XQuery:

<bib id="al1l23">
</ bi b>

Element constructors are often used to create literal XML that is used in query
results. For instance, the following example combines the path expression from the
first example with the element constructor we have just seen:

<bi b id="al23">
{



/ bi b/ book[ publ i sher = "Addi son- Wesl ey" AND @ear
> 1992]

</ bi b>

The above query creates a new element named "bib", and places the results of the
path expression into this new element. Here are the results of the query:

<bi b>
<book year="1992">
<titl e>Advanced Progranm ng in the Unix
environment</title>
<aut hor >
<| ast >St evens</ | ast >
<first>W</first>
</ aut hor >
<publ i sher >Addi son- Wsl| ey</ publ i sher >
<price>65.95</ price>
</ book>
</ bi b>

The "<" character indicates the start of an element constructor. The "{" character
indicates an escape from literal XML. If the curly braces were removed, the path
expression would be interpreted as literal XML text. Therefore, the following is both a
valid XQuery and the result of executing the same query:

<bi b id="al23">
/ bi b/ book[ publ i sher = "Addi son- Wesl ey" AND @ear

</ bi b>

> 1992]

As we will see, most XQuery expressions can easily be composed with any other
XQuery expression. For element constructors, any XQuery expression can occur
within curly braces. The curly braces can also be used to allow an expression to
compute the name or value of an attribute. Outside of an element constructor, any
XQuery expression can stand by itself, without the need for curly braces - these are
used only to distinguish literal data from query expressions in an element
constructor.

1.2.3. FLWR Expressions



XQuery's FLWR expressions are similar to SQL's SELECT-FROM-WHERE. The
acronym FLWR, which is pronounced "flower", stands for the keywords FOR, LET,
WHERE, and RETURN, which are the keywords that can occur in a FLWR
expression. FOR iterates over lists of nodes, LET binds variables, WHERE filters out
nodes that do not pass a condition, and RETURN constructs a result. A FLWR
expression can contain any sequence of FOR, LET, and WHERE clauses, provided
at least one such clause is present, followed by a RETURN clause. It is easiest to
explain each of these clauses using simple examples.

A FOR clause iterates over a list of document nodes, assigning a variable to a given
node for each iteration. For instance, the following expression creates one author
element for each author found in the source:

FOR $a | N docunent ("dat a/ xnp-dat a. xm ")/ bi b/ book/ aut hor
RETURN
<aut hor >

$a/first,
$a/ | ast

</ aut hor >

To eliminate duplicates, FOR is often used together with the distinct() function, which
returns a set of nodes whose values are unique. The following query returns the set
of authors with no duplicates:

FOR $a I N
di stinct (docunent (" dat a/ xnp-data. xm ")/ bi b/ book/ aut hor )
RETURN
<aut hor >

$a/first,
$a/ |l ast

</ aut hor >

The FOR clause can assign more than one variable. It creates one set of variable
bindings for every tuple in the Cartesian cross-product of the lists to which variables
are bound. Consider the following query:

FOR $I IN



di stinct (docunent (" dat a/ xnp-data. xm ")/ bi b/ book/ aut hor/ | ast),
$f IN
di stinct (docunent (" dat a/ xnp-data. xm ")/ bi b/ book/ aut hor/first)
RETURN
<nanme>

{
$l, $f

</ nane>

In our data, we have four unique last names and four unique last names. The above
query creates sixteen names by producing one name with each available
combination of first and last names.

The LET clause binds a variable to a list of nodes, and does not iterate over the
nodes to which the variable is bound. For instance, the following query returns the
number of author elements found in the source:

LET $a : = docunent ("dat a/ xnp-dat a. xm ")/ bi b/ book/ aut hor
RETURN
<count >

count ( $a)

</ count >

The above query returns one <count> element, containing the number 5. If we had
used a FOR instead of a LET, it would have returned five <count> elements, and
each would contain the number 1.

The WHERE clause filters out tuples that do not meet a condition. It is most
frequently used together with FOR or LET clauses. The following query returns a
book list for each author who has written more than one book:

FOR $a I N
di stinct (docunent (" dat a/ xnp-data. xm ")/ bi b/ book/ aut hor)

LET $b : = docunent ("dat a/ xnp-dat a. xm ")/ bi b/ book[ aut hor
= $a]

VWHERE count ($b) > 1
RETURN
<bookl i st >

$a, $b/title
}



</ bookl i st >

The output of the above query is as follows:

<CV>
<aut hor >
<| ast >St evens</| ast >
<first>W</first>
</ aut hor >
<title>TCP/IP Illustrated</title>
<title>Advanced Programm ng in the Unix
environnent</titl e>
</ cv>

1.2.4. Other Expressions

This section explores some of the other kinds of expressions found in XQuery. Like
most languages, XQuery allows expressions using functions and operators. The
aggregate operators min(), max(), sum(), count(), and avg() are defined in the
language. The following query returns books that are more than twice the price of the
average book:

[
LET $p : =
avg(docunent (" dat a/ xnp- dat a. xm ")/ bi b/ book/ pri ce)
FOR $b I N docunent ("dat a/ xnp-dat a. xm ")/ bi b/ book
VWHERE $b/price > 2 * $p
RETURN
$b/title

To allow conditions involving sequence, XQuery has the operators BEFORE and
AFTER. Consider the following example:

FOR $b I N docunent ("dat a/ xnp-dat a. xm ")/ bi b/ book
WHERE $b/ aut hor[l ast = "Abiteboul "]
AND NOT enpty($b/ aut hor BEFORE
$b/ aut hor [ | ast =" Abi t eboul "])
RETURN
$b/title

The BEFORE operator is an infix operator that takes two node lists. It returns the set
of nodes from the left hand list that occur before the first node of the right hand list. In



the above example, it returns the set of authors that occur before the first author
whose last name is "Abiteboul". The empty() function evaluates a node list and
returns TRUE if it is an empty list. Therefore, the above query returns those books
where one of the authors has the last name "Abiteboul", and the first author of the
book does not have this last name.

XQuery also supports conditional logic:

FOR $b I N / bi b/ book
RETURN
| F $b/price > 100
THEN <wi shlist> $b/title </w shlist>
ELSE <order> $b/title </order>

SORTBY is used to sort a list. The following query produces a list of books sorted by
the author's name, then by the book title.

docunent (" dat a/ xnp-dat a. xml ")/ bi b/ book
SORTBY (author/last, author/first, title)

Functions may be declared in XQuery, then used in the body of the query. The
following function takes an author element, and returns an element containing the
author and the set of books by that author:

FUNCTI ON booksBy( ELEMENT $a) RETURNS ELEMENT

<booksBy>

$a,

/ I book[ aut hor=$a]/title
</ booksBy>

</ code. bl ock>
<para>The fol |l ow ng query uses the above function: </ para>
<code. bl ock>
<! [ CDATA]
FOR $a I N distinct(//author)
RETURN booksBy($a) SORTBY (author/last, author/first)

XQuery also has quantifiers, casting expressions, typeguards, and an INSTANCEOF
operator similar to that of Java. The reader is encouraged to read the [XQuery: A
Query Language for XML] specification for details.



1.2.5. XQuery and the W3C

Important issues remain open in the design of XQuery. Many of these issues deal
with relationships between XQuery and other XML activities, for example:

*  The type system of XQuery is not yet completely aligned with the type system of
the formal semantics, and there are open questions about the goals of the type
system.

»  The details of the operators supported on simple XML Schema datatypes will be
defined by a joint XSLT/Schema/Query task force.

« XQuery relies on path expressions for navigating in hierarchic documents.
XQuery expects these path expressions to conform to the semantics of XPath
2.0, as defined by a joint XSLT/Query task force (see [W3C XPath 2.0
Requirements]).

1.3. XML Query Algebra

The XML Algebra proposes a set of core operations to manipulate XML documents
and a formal semantics based on the XML Query Data Model. The formal semantics
of XQuery is defined by mapping XQuery expressions to the Algebra core
operations. Two kinds of semantics are provided. Static semantics is used to infer
the type for a query before the query is executed. Because static semantics is based
only on the type of each input document and does not require examination of the
data, this permits early detection of errors in queries. The dynamic semantics
determines the value returned by a query. This is based on the content of the
documents being queried, and can not be determined without executing the query. In
this section we will attempt to give a flavor of the XML Query Algebra by giving a few
simple examples of the static and dynamic semantics, and how these are used to
provide the semantics for XQuery.

1.3.1. XML Query Algebra Operations, Values and Types

The XML Query Algebra is composed of a set of core operations to manipulate,
construct, iterate over XML documents, etc. The following BNF gives a subset of



these expressions.

Expr ::= Const atom c constant
| @Nanme[ Expr] attribute
| Nanme[ Expr] el enment
| Expr, Expr sequence
| () enpty sequence
chi I dren( Expr) children of an el enent or
attribute
val ue( Expr) textual value of an elenent or
attribute
| for v in Expr do Expr iteration
| if Expr then Expr else Expr iteration
| match Expr
case v : Type do Expr
case v : Type do Expr

el se Expr t ype mat chi ng
expressi on

Data values are defined as the subset of expressions that consists only of scalar
constant, attribute, element, sequence, and empty-sequence expressions. Because
XML syntax is somewhat awkward in a formal mathematical notation, XML Query
Algebra has its own way of representing an XML document. For instance, here is the
XML Algebra representation of the XML document for the result of the first query:

book [ @ear [ "1992" ],
title [ "Advanced Programm ng in the Unix
envi ronment" ],
author [ last [ "Stevens" ],
first [ "W" ] ],
publ i sher [ "Addi son-Wesley" ],
price [ 65.95 ] ]

The XML Query Algebra also provide a formal representation for types which uses
regular expression grammars, as given by the following BNF.

Type ::= String | Integer ... atomc type
| @Name[ Type] attribute type

| Name[ Type] el enent type

| Type, Type sequence

| () enpty sequence

| Type | Type choice

| O enpty choice

| Type{mn} repetition (kleene star)



These type constructs are used to capture XML Schema constructs. For instance
choice correspond to choice groups, repetitions captures the minOccurs and
maxOccurs properties of XML Schema, etc.

The operations of the XML Query Algebra can be used to capture the dynamic
semantics of XQuery expressions, while the types are used for the static semantics.
For instance, assuming that variable 'doc' contains an element, the following XQuery
navigation:

$doc/ book

can be mapped to the algebra in the following way:

for vO in children(doc) do
mat ch vO
case vl : book[ AnyTree] do vl
el se ()

This algebra expression first gets all the children of the element 'doc'. The match
expression is then used to select only those children whose type is an element book
with any content.

As a second example, here is how a FLWR expression can be mapped into the
Algebra.

FOR $b I N $doc/ book
WHERE $b/ price > 100
RETURN $b/ aut hor

assuming that path expressions are mapped as indicated above, this corresponds to:

for b in doc/book
if empty(for vO in b/price do (if b > 100 then b el se
()))
t hen b/ aut hor
el se ()



Here, note that the where clause is mapped to a conditional expression and that the
predicate $b > 100 is mapped to an iteration that performs existential quantification.
This is an example of implicit semantics in XQuery which are made explicit in the
mapping to the XML Query Algebra. On the other hand, the XML Query Algebra
expression is significantly more verbose than the original XQuery.

1.3.2. Static Semantics

Static semantics are defined using type inference rules. Type inference rules are
used to infer the type of an expression, given the type of its sub-expressions. For
instance, here is the inference rule for the conditional expression.

Expr1: Bool ean Expr 2:

The statement "Data : Type" should be read as "the value Data has type Type". The
statements above the rule are the conditions that must hold in order to deduce the
statement below the rule. In the above example, it means that if Expr1 has type
boolean, and Expr2 and Expr3 have types Type2 and Type3 respectively, then the
type of the conditional expression is (Type2 | Type3). In other words, the type of a
conditional expression allows either the type of the THEN expression or the type of
the ELSE expression.

These rules allow to detect errors at compile time. For instance, if Expr1 above has
type string instead of Boolean, then no inference rule will match and this will result in
an error.

Each of the core algebra expression has a corresponding typing rule. As an
additional example, here is the rule for children:

Expr1l: a[ Typel]

children(Exprl): Typel

And here is the rule for sequence:



Expr1l: Typel Expr 2:

(Exprl, Expr2): (Typel, Type2)

The first rule states that the type of the children of an element is the content of the
corresponding type. The second rule states that the type of a sequence of
expressions is the sequence of their respective types. As we have seen if these rules
cannot be applied, it would result in a type error. If no error is detected, then the rules
will give a type for the whole query expression. Suppose that the type for variable
doc is expressed in the algebra expression as:

doc : book [ title [ String ],
price [ Integer ],
author [ String |* ]*

Then the type of the XQuery above is inferred by the system as:

author [ String ]*

1.3.3. Dynamic Semantics

Just as the static dynamics provides a set of inference rules that compute type, the
dynamic semantics provides a set of inference rules that compute values. This is
done at the time that the query is executed; in fact, the dynamic semantics can be
seen as a formal specification for computation of query results. The inference rules
for dynamic semantics are similar to those for the static semantics. For instance, the
following rule evaluates a conditional expression. If the conditional's boolean
expression Exp1 evaluates to true, Exp2 is evaluated and its value is produced. If the
conditional's boolean expression evaluates to false, Exp3 is evaluated and its value
is produced.

E |- Expl => true E |- Exp2 => v2
E |- if Expl then Exp2 el se Exp3 => v2
E |- Expl => fal se E |- Exp3 => v3

E |- if Expl then Exp2 el se Exp3 => v3



The discussion of the algebra in this section has been quite brief. For more
information on the algebra, see the XML Query Algebra document [W3C XML Query
Algebra]

1.4. Conclusion

XQuery is a small, expressive language that intelligently uses the structure of XML to
allow queries on many kinds of data. Experience shows that XQuery is easy to learn
and to use, and it is extremely compositional, making it easy to create very powerful
queries. The Query Algebra provides a precise specification of the results of a query,
and also makes it possible to discover equivalences so that queries can be rewritten
flexibly based on the performance parameters of various kinds of access. In addition,
it allows XQuery to be a strongly typed language.
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