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Foreword

It is my pleasure to present Michael Coles’s book, Pro SQL Server 2008 XML, which covers one
area of Microsoft® SQL Server™ that I spend a large part of my work at Microsoft designing,
influencing, and building: the XML support in SQL Server.

Michael covers this complex topic with the focused understanding of a practitioner and
the deep background of an experienced industry observer. He presents this large and, to the
general database programmer, often somewhat new and surprising area, both in an easy and
logical way—covering the client application, .Net programming with XML, and the database
development aspects. Lots of examples provide access to the concepts and technologies, and
practical tips about usage and performance add relevance. He even shows how XML is being
used with other features in SQL Server, such as the spatial support added in SQL Server 2008,
which provides support for a subset of GML, Bulk copy’s use of XML and XML for Analysis.

His technical content is presented against a historical background of what XML is about,
and also points out that XML is not the cure for all ailments in this world, but that it has its
place to address several important scenarios.

When I started to work on the XML support in SQL Server in the SQL Server 2000 release
cycle, we set out on a journey to provide extensions to our relational database customers that
would enable them to work with XML data to address three different but related scenarios that
were united in that they all were using XML at some level.

The first scenario, which we focused on in SQL Server 2000, was the ability to integrate
existing relational data into the new world of web service and loosely coupled data exchange
that was starting to use XML as their lingua franca of data interchange. Features like FOR XML
or the mapping schemas of the SQL/XML component were allowing programmers to map
their existing relational data into XML and take structured data from XML into their existing
relational database.

Since XML with its tag markup structure is well-suited to describe complex, non-regular
data shapes, it also quickly became a preferred way by many to represent data that did not
easily fit into the relational mold. XML was used either because the data shape was changing
too quickly or was not known a priori, or the decomposition and re-composition costs of the
complex properties were too high and XML gave a good compromise between queryability
and flexibility. This second scenario, often referred to as the scenario of managing semi-
structured data management, got support in SQL Server 2005 with the addition of the XML
data type, XML Schema collections, and the support for XQuery to query into the XML struc-
ture and unlock the information within it. SQL Server 2008 has now even added relational
functionality—such as sparse columns and column sets, themselves based on XML—to
provide more “relational” support for semi-structured data.

Finally, over the last few years, more and more documents are being represented in XML, be
it custom schemas or some standard document schemas such as the Office OpenXML (not
to be confused with the OpenXML function in SQL Server) and others. As such uses for XML
become more prevalent, the queryability of the underlying document format, namely XML, will
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become more important and the current support for XML in SQL Server 2008 will provide a
solid foundation to manage such documents together with the other business data.

Michael’s experience, written down in this book, gives you good guidance and insight into
how the different SQL Server XML technologies can help you with these and similar scenarios.
Whether you are a newcomer to SQL Server’s XML Support or a seasoned XML user, you will
find lots of value in this book with its practical advice and easy to understand explanations
and examples.

Enjoy the book!

Michael Rys
Principal Program Manager, Microsoft
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Introduction

Back in 1999, I was working for a dot-com when I was first exposed to the interesting new
technology known as XML. My imagination ran wild, and I immediately began working on
dozens of applications for XML, like custom reporting from our legacy inventory system and
Web-based business-to-business ordering. I was as excited as a kid on Christmas morning!

My excitement about XML in those early days began to fade as I quickly ran into its limita-
tions, however. For one thing, the basic XML standard did not define a type system. All content
in XML is character data—strings. This meant that I needed to not only convert string data to
the correct data type in my own applications, but I also had to validate the content and handle
boatloads of potential exceptions in each application.

Another thing that bothered me was the strangely cryptic and underpowered Document
Type Definition (DTD) system, the primary means of constraining XML document structure
and content. Again, the majority of structure and content validation became the responsibility
of the application, making it even more complicated. And the fact that querying XML data
required inefficient loops or event-based parsing and comparisons didn’t help matters much.

Fortunately for us, XML has matured with the introduction of standards for constraining
and typing XML data and efficiently querying XML content. Several XML-based standards
have also been introduced to allow efficient and convenient data sharing across platforms.

With SQL Server 2008, Microsoft has taken a different approach to the concept of the “data-
base.” Rather than confining themselves to a basic relational model, Microsoft has taken the
stance that your data should be accessible and manageable in all its glorious (and not so glorious)
forms. While relational data remains king, XML is the cornerstone of disparate data integration.

This book provides detailed information on XML from the SQL Server 2008 perspective.
I'll discuss several aspects of SQL Server 2008 XML, including the XML functionality built right
into SQL Server, as well as how to access SQL Server functionality that is not built into T-SQL.
I'll even look at client-side XML technologies that are important to SQL Server/XML-based
application design. In all, I hope you find this book enjoyable and useful in designing and
implementing your own SQL Server and XML-based applications.

Who This Book Is For

This book is written for SQL Server developers by a SQL Server developer. It’s written for any-
one who wants to know how to retrieve relational data in XML format, shred XML data back to
relational format, use XML Schema to strongly type XML data, use XQuery to query XML data,
or perform dozens of other SQL Server XML tasks.

In order to take advantage of SQL Server 2008’s XML functionality, you will need a basic
understanding of T-SQL. Some of the code samples and concepts in the book utilize the SQL
Common Language Runtime (SQLCLR), and some are presented as .NET client code. An
understanding of the C# language and the Microsoft .NET Framework is useful, though not
required, to utilize these samples.
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How This Book Is Structured

Pro SQL Server 2008 XML is written as a guide to SQL Server’s built-in XML functionality and
tools. This book is written for two types of readers:

¢ The developer who is not familiar with prior SQL Server XML functionality will get the
most out of reading the book cover to cover.

¢ The developer who is familiar with prior implementations of SQL Server XML function-
ality may get more out of using the book as a reference guide to new features and specific
options.

Each chapter of the book addresses a different XML topic, making it easy to locate specific
information if you are using it as a reference guide. In each chapter, I've also attempted to build
on concepts introduced in prior chapters so that reading the book from start to finish will prove
an engaging exercise. Following are brief summaries of each chapter in the book.

Chapter 1

Chapter 1 provides a brief overview of the history of XML, including an overview of the W3C
XML recommendation. It’s designed to answer the question “What is XML?” Readers who
already have knowledge of XML can skip this chapter.

Chapter 2

Chapter 2 discusses the FOR XML clause and other legacy SQL Server XML support, such as the
OPENXML rowset provider. Readers who are well-versed in FOR XML may wish to skip this chapter.
For those who are already familiar with legacy XML support, this chapter will prove a valuable
reference for features like the FOR XML PATH clause.

Chapter 3

Chapter 3 serves as the introduction to the SQL Server xml data type. This chapter is particu-
larly useful for those readers who have not yet used the xml data type in the prior version of
SQL Server. In this chapter, I lay the foundation for the discussion of SQL Server 2008’s XML
functionality, since most of this functionality centers around the xml data type. Those readers
who are already familiar with the xml data type will still want to at least skim this chapter, as

I discuss SQL Server’s internal management of XML data.

Chapter 4

Chapter 4 builds on the discussion of the xml data type in Chapter 3, with an in-depth discus-
sion of XML Schema collections and typed XML. This chapter also compares the SQL Server
XML Schema implementation to the W3C standard and describes how to implement your own
custom XML schemas. This chapter is a must-read for anyone who wants to use XML Schema
to constrain the structure and content of their XML data.
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Chapter 5

Chapter 5 builds on the xml data type discussion that began in Chapter 3. The xml data type
methods that allow you to query XML data type instances all rely on XQuery expressions. In
this chapter, I will look at the SQL Server implementation of the W3C XQuery recommenda-
tion, with a thorough discussion of available XQuery expressions, predicates, and the XQuery/
XPath Data Model (XDM). This chapter is a must if you plan to query XML or shred XML data
into relational format.

Chapter 6

Chapter 6 continues the discussion of XQuery begun in Chapter 5 by introducing the SQL
Server-supported XQuery functions and operators, as well as the SQL Server XML Data
Manipulation Language (XML DML) extensions to the standard. As always, the W3C reference
is used as the basis for the discussion of SQL Server features. If you plan to manipulate XML
data with XML DML or if your intent is to write XQuery expressions that require calculations
and functions, you should read both Chapters 5 and 6.

Chapter 7

Chapter 7 provides a thorough discussion of XML indexing in SQL Server. In this chapter, I dis-
cuss primary and secondary XML indexes as well as XML full-text indexing. If you plan to store
large amounts of XML data as xml data within SQL Server, this chapter will teach you how to
optimize XQuery performance over your XML data.

Chapter 8

Chapter 8 begins the exploration of extending SQL Server’s XML functionality via the SQLCLR.
In this chapter, you will learn how to access a major piece of XML functionality that is not
available directly to the xml data type—Extensible Stylesheet Language Transformations (XSLT).
I also reference the XSLT standard heavily so that you will be able to create your own basic XSL
transformations after reading this chapter.

Chapter 9

Chapter 9 discusses SQL Server 2008 HTTP Simple Object Access Protocol (SOAP) endpoints, an
XML-based technology that allows you to expose server-side stored procedures and user-defined
functions as web service methods. By using HTTP SOAP endpoints, your client applications/web
service consumers can access predefined functionality in your database remotely and securely.
If you plan on performing cross-platform or web development with a SQL Server back end,
this chapter is definitely worth reading.

Chapter 10

Chapter 10 goes into greater depth discussing .NET XML support. With the .NET XML function-
ality, you can create SQLCLR routines that access remote XML data and services, perform legacy
DTD and XML Data-Reduced (XDR) schema validations, and perform client-side manipula-
tions of your SQL Server XML data. If you plan to write SQLCLR XML manipulation and access

XXV
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routines or you plan to write client-side code that accesses XML stored on SQL Server, then
this chapter is for you.

Chapter 11

Chapter 11 discusses Geography Markup Language (GML) support built into SQL Server 2008’s
new spatial data types, geography and geometry. This chapter is an interesting diversion for
those interested in the new spatial data types and an absolute must-read for those interested
in sharing spatial data in XML format.

Chapter 12

Chapter 12 provides a detailed discussion of the functionality available through the COM-based
SQLXML API. SQLXML provides access to an array of functions like XML bulk load, updategrams
and diffgrams, client-side FOR XML formatting, and XSLT-style querying of relational data. Those
who support legacy applications that use this functionality should definitely read this chapter, as
should those who are interested in SQLXMLSs functionality.

Chapter 13

Chapter 13 is an overview and discussion of the new .NET Language-Integrated Query (LINQ
to XML). LINQ to XML is a powerful method of querying XML data using a SQL-like syntax

directly from C# or Visual Basic. LINQ to XML is definitely an exciting new technology, and I'd
recommend that anyone interested in client-side XML development should read this chapter.

Chapter 14

Chapter 14 rounds out the main content of the book with summaries and examples of com-
mon XML applications that are useful to SQL Server developers. In this chapter, I discuss SQL
Server XML support tools for bulk loading flat files, optimizing SQL queries, and managing
SQL Server Analysis Services (SSAS). I also look at support applications that help developers
create, edit, and test XML data, like Altova® XMLSpy® XML editor software.

Appendix A

Appendix A is a list of W3C recommendations and other standards that I referenced through-
out this book. This short list is useful if you need to quickly locate an XML-specific standard.

Appendix B

Appendix B describes the SQL Server implementation of the W3C XQuery/XPath Data Model
and all the built-in data types available to XML Schema and XQuery. This appendix is designed
to act as a quick reference, useful if you are creating XML Schema collections or writing XQuery
expressions against typed xml instances.
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Appendix C

Appendix C is a reference to the XML elements that compose an XML schema. Descriptions of
all SQL Server-supported XML schema elements are provided, with their available attributes
and default values.

Appendix D

Appendix D is a quick reference to XQuery, XPath, and XML DML, as implemented in SQL
Server. This appendix is designed to be referenced when you are writing XQuery expressions
or XPath location paths for use with the FOR XML PATH clause.

Appendix E

Appendix E is a quick reference to XSLT 1.0 and XPath 1.0, as implemented by the .NET
Framework. This appendix is designed for use when you are creating custom XSLT stylesheets.

Appendix F

Appendix F is a glossary of the terminology used throughout the book. For those new to XML,
many of the terms may be new. Likewise, you may want to follow up and get more information
about a specific term than was provided in the inline description. The glossary provided me
an opportunity to further expand on many terms, allowing me to add more information than
could easily fit in the inline text.

Appendix G

Appendix G rounds out the book with a sampling of selected T-SQL and .NET code listings,
chosen specifically to demonstrate key concepts. Where possible, I have added additional
descriptive text to the code listings to further explain the options and settings selected, as well
as various design decisions.

Conventions

To help make reading Pro SQL Server 2008 XML a more enjoyable experience, and to help you
get as much out of it as possible, I've used standardized formatting conventions throughout
the book.

C# code is shown in a special code font. Note that C# code is case sensitive.
while (i < 10)

T-SQL source code is shown in code font, with keywords capitalized. Note that data types
in the T-SQL code are lowercased to help improve readability.

DECLARE @x xml;

Xxvii
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XML code is shown in code font with attribute and element content in boldface for read-
ability. Note that some code samples and results have been reformatted in the book for easier
reading. XML ignores white space so the significant content of the XML has not been altered.

<book publisher = "Apress">Pro SQL Server 2008 XML</book>

Note Notes, tips, and warnings are displayed in a special font with solid bars placed over and under the
content.

SIDEBARS

Sidebars include additional information relevant to the current discussion and other interesting facts. Sidebars
are shown on a gray background.

Prerequisites

To make the most of this book, you should have access to SQL Server 2008 and SQL Server
Management Studio (SSMS). Alternatively you can use the SQLCMD utility to execute code on
SQL Server. You should also download and install the SQL Server 2008 AdventureWorks 2008
database from http://www.codeplex.com. All code samples in this book are designed to run on
the AdventureWorks 2008 database, unless otherwise stated.

To run sample client applications and to compile and deploy SQLCLR samples, you will
need C# 2005 or C# 2008. Note that the Express Editions will compile and run the client code
samples, but they will not compile or deploy the SQLCLR source code. For the best overall
experience, I highly recommend compiling, deploying, and executing C# code samples from
within Visual Studio 2005 or the 2008 IDE.

Downloading the Code

This book contains several code samples demonstrating the concepts presented. All of these
code samples are available for download in one ZIP file from the Source Code/Downloads
section of the Apress web site. To get the download, go to www.apress.com, click on the Quick
Links option on the menu, and then click on Source Code/Downloads.

Contacting the Author

The author and the Apress team have made every effort to ensure that this book is free from
errors and defects. Unfortunately, the occasional error does slip past us, despite our best efforts.
In the event that you find an error in the book, please let us know! You can submit errors to
Apress by visiting www. apress . com, locating the book page for this book, and clicking Submit
Errata. Alternatively, feel free to drop a line directly to the author at michaelco@optonline.net.
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CHAPTER 1

Enter XML

Welcome to Pro SQL Server 2008 XML. This book will cover the basics and advanced topics
of SQL Server-based XML development, including a review of legacy XML support in prior
versions of SQL Server, and a discussion of new features introduced in SQL Server 2005 and
SQL Server 2008. Throughout this book I will discuss the implementation of several advanced
XML standards via SQL Server, including XPath, XQuery, XSLT, XML Schema, and XML DML.
I will also provide coverage of other advanced XML-related topics, like SQLCLR and client-side
.NET XML capabilities and Microsoft’s NET LINQ to XML technology.

Throughout this book, I will provide step-by-step code samples to demonstrate the con-
cepts presented. All samples are designed to run with the Microsoft AdventureWorks sample
database, unless otherwise noted. The sample code from this book is available for download
at the Apress web site (www.apress.com/download).

ADVENTUREWORKS SAMPLE DATABASE

As mentioned, the code samples in this book are designed to be run against the Microsoft AdventureWorks
sample database, unless otherwise specified in the text. Microsoft has decided to offer the SQL Server 2008
version of the AdventureWorks sample database and applications on its CodePlex web site. The URL is
www . codeplex.com/MSFTDBProdSamples. If you don’t yet have the AdventureWorks database installed
on a test server, | highly recommend that you visit CodePlex and download it. The AdventureWorks database and
business scenarios are documented on the MSDN web site at msdn2.microsoft.com/en-us/library/
ms124501.aspx.

In this chapter, I'll provide a brief background of XML in SQL Server, a quick primer on
the World Wide Web Consortium (W3C) XML Recommendation, a comparison of XML to other
data formats, and a brief overview of XML functionality in SQL Server 2008.

Looking Back at SQL Server XML

When SQL Server 2000 was released, Microsoft was just beginning a big push to thoroughly
immerse its entire product line in XML. XML was integrated into SQL Server 2000 by adding
the FOR XML clause to the SELECT statement and adding access to various Component Object
Model (COM) components via stored procedures and functions. Some XML support was
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provided through integration with Internet Information Services (IIS). XML data in SQL
Server 2000 was truly a second-class citizen, driving many developers to avoid using SQL Server
for all but the simplest of XML storage and retrieval tasks. The main problems with SQL
Server 2000 XML support included the following:

* Limited functionality. SQL Server 2000 XML support was provided primarily by the
FOR XML clause of the SELECT statement, the OPENXML function, and a couple of stored
procedures to create XML documents in memory and remove them when finished.
There was no built-in Transact-SQL (T-SQL) support for querying or modifying XML data.

e Complicated to use. SQL Server 2000 XML support relied on the old-style Large Object
(LOB) data types, including TEXT and NTEXT. SQL Server 2000 LOB data types were kludgy
at best.

¢ Inefficient implementation. SQL Server 2000 XML support also relied heavily on COM
components and external libraries, making it much less efficient than a “native” solu-
tion. Additionally, if you failed to explicitly remove a document from memory, you were
likely to cause more than a few server-side memory leaks.

SQL Server 2008 ups the ante by providing efficient native T-SQL support for XML, with
XML-centric improvements to T-SQL statements, built-in XPath, XQuery, and XML DML sup-
port, the native xml data type, XML indexes, XML views, and more. SQL Server 2008’s SQLCLR
integration can also help make XML manipulation even more flexible as you'll see in Chapter 8.
This book is an in-depth exploration of SQL Server 2008’s powerful XML functionality.

What Is XML?

No discussion of SQL Server XML capabilities would be complete without a discussion of the
underlying technology, XML. In this section, I'll discuss the W3C XML Recommendation.

XML is designed to be a simple, fast, and flexible text format derived from Standard
Generalized Markup Language (SGML), as defined by the ISO (International Organization for
Standardization) 8879 standard. The XML Recommendation, and its related recommendations,
are maintained by the W3C, a standards body with the mission of developing interoperable
technologies for the World Wide Web. The W3C XML 1.0 specification defines a set of rules for
adding structure and context to data through the use of markup. In addition to the XML 1.0
specification, the W3C has proposed dozens of additional XML-based specifications to stan-
dardize data transfer and sharing between applications, XML processing, querying, sharing,
and manipulation. The latest versions of the XML 1.0 and XML 1.1 Recommendations are
available at waw.w3.0rg/TR/xml and www.w3.0rg/TR/xml111, respectively.

Work on the XML recommendation initially began in 1996, when it was chartered by
the W3C. Design work on XML continued through 1997, and XML 1.0 became a formal W3C
Recommendation in early 1998. Though largely defined as a subset of SGML, XML 1.0 also
adapted technology from various other sources, including the Text Encoding Initiative (TEI),
Hypertext Markup Language (HTML), and Extended Reference Concrete Syntax (ERCS), among
others. During the creation of the XML recommendation, the ISO SGML standard was updated
to maintain consistency with XML. The XML 1.1 Recommendation adds support for additional
character sets, additional encodings, and extended support for control characters in currently
supported encodings. Generally speaking, unless you have a specific need for the capabilities
of XML 1.1 (such as Unicode 2.0 or Extended Binary Coded Decimal Interchange Code [EBCDIC]
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control character support), it is recommended that you use XML 1.0. SQL Server 2008 supports
the XML 1.0 Recommendation.

RECOMMENDATIONS VS. STANDARDS

In W3C terms, a “recommendation” is equivalent to a “standard” put forth by a sanctioned standards organi-
zation like ISO or ANSI (American National Standards Institute). Presumably the W3C chose to describe their
work in terms of recommendations instead of standards because the W3C is a voluntary organization with no
power to enforce acceptance of their standards. Individuals, organizations, and standards bodies are free to
accept or ignore W3C recommendations at will. XML and its related recommendations have, however, been
adopted as industry standards.

The XML 1.0 Recommendation was created with a very specific set of design goals in
mind. The following is a summary of these goals:

e XML should be easy to process. XML can be processed with simple custom-made
string parsers, although there are a wide variety of prebuilt parsers freely available to
facilitate XML processing.

¢ XML should be straightforward to use over the Internet. XML is created with plain
text, generally using one of several predefined standardized character sets (UTF-8,
UTF-16, and so on). It is designed for easy transmission through firewalls and over the
Internet using standardized Internet protocols like HTTP (Hypertext Transfer Protocol).
Binary formatted data often requires heavy manipulation for transmission using HTTP
(or other protocols) over the Internet.

* XML should be human legible. XML is, by its plain-text nature and self-documenting
structure, easy for humans to read. This makes debugging problematic XML easier than
debugging binary data files.

* XML should be easy to create. Unlike proprietary binary data formats, XML can be
easily created by anyone with a simple text editor, a more complex XML-specific editor,
or an automated process.

* XML should support a wide variety of applications. Because it is designed to be flexi-
ble and extensible, and because it inherently supports international character sets, a very
wide variety of applications can use XML.

¢ XML standards should be formal and concise. This design goal was created to ensure
that the XML standard was “programmer-friendly.” The idea behind this goal required
eliminating “consultant-speak” and “pretty-talk” from the standard and instead providing
formal notations and syntax that XML implementers could use to create standardized
products quickly and efficiently.

¢ XML should be compatible with SGML. XML was designed with cooperation of the SGML
standard committee, so XML is compatible with the SGML standard. In fact, compatibil-
ity was so important that some portions of the SGML standard were changed to ensure
compatibility during development of the XML standard.
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XML should have a minimal amount of optional features, ideally zero. This design goal
was a response to SGMLS5s history of adding optional features in an attempt to make
SGML as general-purpose as possible. The problem is that these optional features often
made document interchange impossible. XML eliminates these types of optional fea-
tures; any XML parser should be able to read any XML document as long as it follows

the standard.

XML should be designed and standardized quickly. This goal was adopted in order to
put a standard in place before the big software developers adopted a wide range of conflict-
ing proprietary standards to accomplish similar goals. Work began on XML in mid-1996,
with the first working draft presented later that year. XML 1.0 was adopted as aW3C Recom-
mendation in early 1998.

Note I've presented these design goals in order of importance, as | see it anyway, for SQL Server—based
XML programmers. This order differs from the order in which they are presented in the XML Recommendation
and may not reflect others’ view of the importance of each.

To meet these goals, the designers of XML made several design decisions, including the
decision that terseness of marked up XML was not important. This directly contradicts many
other formats that strive to store their data in terse and compact formats. As a result, XML
data often has a proportionately large quantity of markup information included in it. The
nature of XML data, however, does tend to make it highly compressible by modern data com-
pression algorithms, if storage space is a high priority.

Defining XML Data

XML data is composed of several types of items:

The Document Type Definition (DTD) is a special structure used to define entity
declarations and structure validation information (note that SQL Server XML does not
support the validation aspect).

XML elements are containers for character data (CDATA) content in XML documents.
Each XML element is defined by matching start and end tags used to encapsulate other
XML elements and data. XML elements provide structure to XML data.

XML attributes are closely tied to elements. Attributes provide additional context, con-
tent, and metadata to your XML markup data.

XML comments are denoted by <!-- and --> delimiters. XML provides support for
comments to allow developers to add human-readable documentation to their XML data.

XML processing instructions are marked by <? and ?> delimiters. A processing instruc-
tion is a means to provide additional metadata to a processing application.

XML character references and entity character references are constructs that allow you
to insert special characters in your XML data.
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Consider the simple XML document in Listing 1-1, which represents a simple selection of
high-grossing movies in XML format.

Listing 1-1. Sample Movies XML Document

<?xml version="1.0" encoding="UTF-16"?>
<!-- High-grossing movie listing -->
<movies>
<film>
<?style superhero?>
<name>Spider-Man</name>
<releaseDate>2002-05-03-05:00</releaseDate>
<gross area="world-wide">821706375.00</gross>
<gross area="domestic">403706375.00</gross>
<director>Sam Raimi</director>
<cast>
<actor>Maguire, Tobey</actor>
<actor>Dafoe, Willem</actor>
<actor>Dunst, Kirsten</actor>
</cast>
</film>
<film>
<?style superhero-sequel?>
<name>Spider-Man 2</name>
<releaseDate>2004-06-30-05:00</releaseDate>
<gross area="world-wide">783924485.00</gross>
<gross area="domestic">373585825.00</gross>
<director>Sam Raimi</director>
<cast>
<actor>Maguire, Tobey</actor>
<actor>Franco, James</actor>
<actor>Dunst, Kirsten</actor>
<actor>Molina, Alfred</actor>
</cast>
</film>
<film>
<?style superhero-sequel?>
<name>Spider-Man 3</name>
<releaseDate>2007-05-04-05:00</releaseDate>
<gross area="world-wide”>888977494.00</gross>
<gross area="domestic”>336027292.00</gross>
<director>Sam Raimi</director>
<cast>
<actor>Maguire, Tobey</actor>
<actor>Dunst, Kirsten</actor>
<actor>Franco, James</actor>
<actor>Church, Thomas Haden</actor>
</cast>
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</Film>
</movies>

This simple example of a well-formed XML document includes several elements, including
the root element <movies>, the <film> elements nested within it, and the subelements nested
within them. This hierarchical structure is standard fare for XML, although XML data does not
have to have a strongly regular structure as in the example. For instance, you could have <cast>
(or other) elements outside of the <film> elements if it made sense for your application.

The example also includes XML comments, which are included within the <!-- and -->
comment indicators. XML comments are nodes that are processed by XML parsers like other
XML nodes. Comment nodes are normally not used by applications during processing because
they contain human-readable comments. Finally, the example also contains processing instruc-
tions that can be used by the application during processing.

XML Requirements

The sample XML in Listing 1-1 does not include any declarations. Declarations are created via
DTDs. SQL Server supports a very small subset of DTDs, allowing you to expand entity refer-
ences in your XML data and assign default values to attributes. I will discuss DTDs further in
Chapter 3.

Note SQL Server does not use DTDs to constrain the format of XML data or the content of elements and
attributes. This is a common usage of DTDs as defined by the W3C XML 1.0 Recommendation. To constrain the
content and structure of your XML, use XML schema collections instead, which are a much more powerful solution.

I also did not include character references in the example. Character references come in two
forms: character entity references and numeric character references. XML defines a small set of
predeclared character entity references so that you can include otherwise reserved characters in
your XML data. The process of converting special characters in XML to character references is
known as entitizing. XML data that contains nonentitized special characters will cause XML
parsers to reject the XML during processing. Table 1-1 lists the predeclared character entity
references supported by XML.

Table 1-1. XML Predeclared Character Entity References

Entity Description

&amp; The &amp; entity is used when you want to include the ampersand (8) in your XML data.
&1t; The 81t; entity is used when you want to include the less-than sign (<) in your XML data.
dgt; The 8gt; entity is used when you want to include the greater-than sign (>) in your XML data.

8apos; The &apos; entity is used when you want to include the apostrophe (') in your XML data.

&quot; The 8quot; entity is used when you want to include the quotation mark (") in your XML data.
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Numeric character references look similar to character entity references, but instead of
aname, they are represented by &# followed by a decimal or hexadecimal number and a semi-
colon. Numeric character references can be used to represent any valid Unicode character,
even those that already have a predeclared character entity reference. The less-than character
(<) can be represented using any of the following character references in your XML data:

&l1t;
&#60;
&itx3c;

The first character reference is the predeclared character entity reference for the less-than
sign. The second is the decimal numeric character reference for the same character. The final
example shows the hexadecimal version of the numeric character reference for that character.
Notice that the hexadecimal version has a lowercase x character between the number sign (#)
and the first hexadecimal digit of the character reference. The lowercase x indicates that the
numeric character reference is hexadecimal instead of decimal. Table 1-2 shows a small selec-
tion of common numeric character references.

Table 1-2. Sample of Common Numeric Character References

Description Symbol Code

quote " 8i#tx0022;
ampersand & 8#x0026;
less-than < &#x003c;
greater-than > 8#x003e;
cent sign ¢ 8#x00a2;
pound symbol £ &tx00a3;
yen symbol ¥ &#x00a5;
copyright © #x00a9;
registered ® #x00ae;
degrees ° 8#x00b0;
plus-minus + &tx00b1;
superscript-2 2 &#x00b2;
superscript-3 3 &#x00b3;
fraction-1/4 % &itxoobc;
fraction-1/2 % &#txoobd;
fraction-3/4 % &t#txoobe;
times X &#x00d7;
divide + &#x0017;
pi T &#x03c0;
ndash - &#tx2013;
mdash — &ttx2014;
euro symbol € #x20ac;

trademark ™ &tx2122;
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XML VS. HTML

HTML coders will recognize similarities between XML and HTML immediately. Both are markup languages
based on subsets of the grand-daddy of markup languages, SGML. Their common ancestry means they share
similar element, attribute, and comment delimiters. In both markup languages elements define the overall
structure of the document. That’s where the similarity ends, however.

These two markup languages are designed for completely different purposes. The purpose of HTML is
to format data for display. HTML is a standard with predefined tags and attributes, is not case sensitive, and
does not preserve white space. XML, on the other hand, is designed to format and structure data. XML carries
no requirement to carry additional formatting information, and it has no predefined tags—you create your
own tags based on your XML application. XML is also case sensitive and preserves white space.

The Extensible HTML (XHTML) Recommendation is an XML application that redefines HTML in terms of
XML. Because it is based on XML, XHTML is stricter than plain HTML in terms of structure, format, and case
sensitivity; although XHTML does support less strict validation modes for backward-compatibility purposes.

Well-Formed and Valid XML

XML data comes in one of two basic forms. XML data can be represented as a fragment or it
can be a well-formed document. The SQL Server xml type can handle both forms of XML data
automatically. XML data must meet the following criteria to be considered well-formed:

1. The XML data must contain one or more elements.

2. The XML data must contain one, and only one, root element. This is the element that
contains all other elements within the XML document.

3. All elements within the XML document must be properly nested within one another.

XML structure and content can further be constrained by assigning an xml instance to an
XML schema collection. The XML schema collection contains XML schemas that are defined
per the W3C XML Schema Recommendation. XML schemas provide a flexible and powerful
tool for constraining XML data. I will detail SQL Server support for the W3C XML Schema
Recommendation in Chapter 4.

Note Although the XML recommendation specifies using DTDs for simple XML document validation,
SQL Server supports only a limited subset of DTDs. SQL Server does not support DTD XML structure and
content validation.

Considering Other Formats

Although this book is about SQL Server XML functionality, I don’t want you to walk away with the
idea that XML is the only game in town. The sample data I provided in Listing 1-1 can always be
represented in a more terse and compact format (remember in XML, terseness is not considered
important). For instance, the same data represented in the common Comma Separated Values
(CSV) format used by Microsoft Excel might look like Listing 1-2.
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Listing 1-2. Sample Movie Data in CSV Format

Spider-Man,2002-05-03-05:00,821706375.00,403706375.00, Sam Raimi, "Maguire,
Tobey","Dafoe, Willem","Dunst, Kirsten",""

Spider-Man 2,2004-06-30-05:00,783924485.00,373585825.00,5am Raimi, "Maguire,
Tobey","Franco, James","Dunst, Kirsten","Molina, Alfred"

Spider-Man 3,2007-05-04-05:00, 888977494.00, 336027292.00,Sam Raimi,"Maguire,

non

Tobey", "Dunst, Kirsten

,"Franco, James","Church, Thomas Haden"

The CSV format, though much more compact than the XML version, removes the context,
structure, and self-documenting tags provided by the XML. It can also be more difficult to
expand the CSV version to include more fields, add optional data to records, or modify and
troubleshoot the existing format. For instance, consider Listing 1-3, which adds an additional
<actor> element, expands the <actor> elements of the XML version to include an actor_id
attribute and a list of additional movies some actors have acted in.

Listing 1-3. Modlified Sample XML

<?xml version="1.0" encoding="UTF-16"?>
<!-- High-grossing movie listing -->
<movies>
<film>
<?style superhero?>
<name>Spider-Man</name>
<releaseDate>2002-05-03-05:00</releaseDate>
<gross area="world-wide">821706375.00</gross>
<gross area="domestic">403706375.00</gross>
<director>Sam Raimi</director>
<cast>
<actor actor id="MA011">Maguire, Tobey
<movie>Spider-Man 3</movie>
<movie>The Good German</movie>
<movie>Spider-Man 2</movie>
<movie>Seabiscuit</movie>
</actor>
<actor actor id="DA982">Dafoe, Willem
<movie>Clear and Present Danger</movie>
<movie>Mississippi Burning</movie>
<movie>Platoon</movie>
</actor>
<actor actor id="DU208">Dunst, Kirsten
<movie>Spider-Man 3</movie>
<movie>Interview with the Vampire</movie>
</actor>
</cast>
</film>
</movies>
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These modifications to the XML data make it harder (though not impossible) to represent
the data as a single CSV file. CSV format also eliminates additional information about the
contents, including the hierarchical structure of the data, comments, and the character set
encoding information. Every time the structure of the data changes (e.g., more fields are added
or fields are rearranged), the application parsing and querying the data must be modified, often
significantly. Finally, the simple CSV format in the example requires you to reference fields by
their ordinal position, which can lead to subtle errors and bugs that are difficult to troubleshoot.

The XML version of the data, on the other hand, allows you to query the data elements by
name and relative position. For instance, to retrieve the director name of the movie Spider-Man
in the XML file, you would essentially say “retrieve the <director> element of the <film> where
the <name> is ‘Spider-Man.””

Bear in mind also that CSV is not a standardized format. It is a de facto format conjured
up in the early days of computing. A CSV file created on a Windows PC might not be readable
on a UNIX computer, and vice versa. Even CSV files created by different Microsoft programs
can prove incompatible with one another. This makes it nearly impossible to create a general-
purpose CSV parser. Text-based formats like Windows initialization (. INI) files suffer from similar
limitations.

Binary formats, like the proprietary formats used by COM-related technologies and even
office productivity applications like Microsoft Excel are much more compact than XML, CSV,
and other text-based formats; but they suffer some drawbacks as well. These formats are not
as easy to transmit over the Internet using standard protocols like HTTP, each format requires
its own proprietary parsing tools to “look inside” the data, and they tend to be much harder to
modify and debug. Figure 1-1 shows a portion of the binary data that composes the sample in
Excel worksheet format.

1
x

" Movies.xls - Hex

Ye0: 04 00 12 80 04 FF 93 02 04 00 13 80 07 FF 93 02 ... L.%1....1.%1.
770: 04 00 OO 80 00 FF 93 02 04 00 14 80 05 FF 60 01 ... 01.%01....01.%".
780: 02 00 00 00 &85 00 OC 00 Ee6 06 OO OO OO 0O 04 OO 1
790: 46 69 6C 6D 85 00 0D 00 07 13 00 00 00 00 05 OO
JAQ: 47 72 eF 73 73 85 00 0C 00 92 15 00 00 00 00 04
7BO: 00 43 61 73 74 8C 00 04 00 01 00 01 00 C1 01 08
FCO0: 00 C1 01 00 00 22 BE 01 00 FC 00 DE 00 22 00 00 .
7D0: 00 11 00 00 00 04 00 00 6E 61 6D &5 OB 00 00 72 name T
FE0: 65 6C 65 61 73 65 44 61 74 65 08 00 00 64 69 72 eleaseDate. . .dir
FF0: 65 63 74 6F 72 09 00 00 53 61 6D 20 52 61 £9 6D ector.. .Sam Raim
g00: 69 04 00 00 53 70 69 64 65 72 2D 4D 61 6E 0C 00 i.. Spider-Han
810: 00 53 70 69 64 65 72 2D 4D 61 6E 20 32 09 00 OO0 Spider-Man 2
920: 6D 6F 76 69 65 4E 61 6D 65 04 00 00 61 72 65 61 movieName... area
930: 05 00 00 &7 72 6F 73 72 08 00 00 64 6F 6D 65 73 .. . gross...domes
940: 74 69 63 0A 00 00 77 6F 72 6C 64 2D 77 69 64 65 tic. . . world-wide
450: 05 00 00 61 63 74 6F 72 0D 00 00 44 61 66 6F 65 .. .actor.. . Dafoe
g60: 2C 20 57 69 6C 6C 65 6D OE 00 00 44 75 6E 73 74 | Willem.. Dunst
970: 2C 20 4B 69 72 73 74 65 GE OE 00 00 4D 61 67 75 | Kirsten...Magu
980: 69 72 65 2C 20 54 6F 62 65 79 0D 00 00 46 72 61 dires., Tobey...Fra
890: 6E 63 6F 2C 20 44 61 6D 65 73 0OE 00 00 4D 6F 6C nco, James. . . Hol
40: 69 B6E 61 2C 20 41 6C 66 72 65 64 FF 00 14 00 08 i%a, Alfredy. .
P D | D

|>|_

| £

Figure 1-1. Sample Excel spreadsheet binary data
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Since we're using SQL Server, it’s important to note that data is often better represented
using the relational model. The XML sample presented in this chapter was chosen specifically
because it is relatively easy to convert to relational format. Figure 1-2 shows the sample data

when converted to tables in a relational database.

- gross table M
movieName | area gross
1 Spider-Man domestic 403706375.00
oy 2 Spider-Man word-wide 821706375.00
i 3 Spider-Man 2 domestic 373585825.00
film table 4 SpderMan2 wordwide 78392448500
name releaseDate director L.
1 Spider-Man 2002-05-03 00:00:00.000 Sam Raimi - _\\
; 0 - cast table
2 Spider-Man 2 2004-06-30 00:00:00.000 Sam Raimi
movieMame | actor
é 1 Spider-Man Dafoe, Willem
3 2 Spider-Man Dunst, Kirsten
3 Spider-Man Maguire, Tobey
4 Spider-Man 2 Dunst, Kirsten
5 Spider-Man 2 Franco. James
& Spider-Man 2 Maguire, Tobey
7 Spider-Man 2 Molina, Alfred
AN vy

Figure 1-2. Sample data represented in relational database tables

Whether your data is better represented using XML or the relational model is a question
that must be answered on a per-project basis, guided by your business rules and requirements.
Keep in mind that these two choices do not have to exist exclusive of one another, however.
SQL Server offers tools to convert relational data to XML and vice versa, and to manipulate
and query both relational data and XML. In the next section, you'll look at some things to take
into consideration when deciding whether or not XML is the best choice for representing

your data.

When to Use XML

When should you choose XML format over the other possibilities? Some of the factors that can

help guide your decision toward using XML to represent data include the following:

* You need a platform-independent model that requires a portable data format.

* Your data is inherently ordered, and the position of data elements provides additional
context. Hierarchical data is a prime example where the position of data elements

provides context.

* You anticipate querying or updating your data based on its structure.

* Your data is sparse or you anticipate significant structure changes.

* Your data is semi-structured; for example, it has no fixed schema, an implicit or irregular

structure, or is nested and heterogeneous.

* Your data represents a containment hierarchy.

11
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SQL Server 2008’s native XML manipulation and querying facilities are particularly useful
in the following situations:

* You want to manipulate or share XML data while taking advantage of SQL Server’s
transactional capabilities.

¢ You want to take advantage of SQL Server’s administrative functionality to back up,
recover, or replicate your XML data.

¢ You need to ensure that your server-side XML data is valid and well-formed.
* You want your XML and relational data to interoperate.
* You want to take advantage of SQL Server’s XQuery and XPath capabilities.

* You want to optimize your queries of XML data using indexes and SQL Server’s query
optimizer.

XML is a particularly good choice as a communication format for loosely coupled systems
or when trying to make legacy systems communicate with modern servers. It’s also an excellent
choice when storing data for applications that lend themselves to using data in a marked-up
format, such as document management and presentation applications. Modeling semistructured
data in an ad hoc fashion also lends itself well to using XML. There are many standard applica-
tions for XML already defined in almost every industry, so XML is often an excellent choice
when standard communication formats and data sharing are high priorities.

Whether, and when, to use XML is the subject of much debate among SQL Server profes-
sionals. There are situations where XML is not the best tool for the job, including the following:

* Your data is highly structured and dense (non-sparse).
* Order is unimportant to your data.

* You do not want to query data based on its structure.
* Your data is best represented using entity references.

Additionally, if you do not intend to query or manipulate your XML data on SQL Server, but
just want to store and retrieve it, you should use the varchar or nvarchar data types instead of
SQL Server’s xml data type. This is most often the case when you simply use SQL Server as
a storage repository for your XML data and perform all your XML querying and manipulation
in the middle tier or in a client-side application. Also store your XML data as varchar or nvarchar
if you need to store it exactly, as a character-for-character copy, for auditing purposes or for
regulatory compliance. This is a common scenario when you are storing data about digital
financial transactions, and you need to maintain an audit trail of the transactions but do not
need to manipulate or query the data in the XML.
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EXACTLY XML

The xml data type does not necessarily store an exact character-for-character copy of your XML. The XML
Schema Recommendation specifies that XML is converted to an abstract tree-like representation, known as
an XML Information Set (Infoset) for persistence or querying purposes. The XQuery Data Model (XDM) Recom-
mendation builds on the XML Infoset and extends the XML Schema model even further. The Infoset allows for
loss of characters or other internal manipulations on the XML elements, so long as the meaning of the content
is not lost or distorted. In some situations, like regulatory compliance (e.g., compliance with the Sarbanes-
Oxley Act of 2002) and auditing, maintaining just the “meaning” is not good enough. You must maintain literal
copies of your data. In instances where this is a requirement, it makes sense to store your XML data using
the varchar or nvarchar data type, not the xml data type. | will discuss the XQuery 1.0 and XQuery 2.0
Data Model in more detail later in Chapter 4, during the discussion of XML schema collections.

Some database developers and administrators are vehemently opposed to storing XML
data in a relational database. Fortunately for them, they do not necessarily have to store XML in
the database in order to take advantage of SQL Server’s XML querying and manipulation
capabilities. The xml data type can be used to declare variables that can be used for querying,
validating, and manipulating XML data server side. It can also be used to declare parameters
for functions and stored procedures.

What’s New in SQL Server 2008 XML

SQL Server 2008 provides several enhancements over SQL Server 2000 in terms of XML support
and some enhancements over SQL Server 2005. While much of the backward-compatible
XML-specific functionality from SQL Server 2000 is available in SQL Server 2008, most of it has
been deprecated in favor of the new features and functionality. This section gives a broad
overview of the major enhancements to XML support, which include the following items:

New xml data type

XML schema collections

XML indexes

FOR XML enhancements, including XPath support in the FOR XML PATH clause
XQuery and XML DML support

SQLCLR xml data type support

Improvements to legacy XML functionality, including improvements to the
sp_xml_preparedocument procedure

HTTP Simple Object Access Protocol (SOAP) endpoints

13
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In addition, there have been enhancements made to the xml data type implementation
over the SQL Server 2005 version, including the following items:

 Full support for the XML Schema xs:date, xs:time, and xs :dateTime data types has
been added in SQL Server 2008.

* Support has been added for XML Schema-defined lists of unions and unions of lists.
e Improvements to XML Schema union types have been implemented.
¢ Support has been added for XQuery FLWOR expression let clauses.

SQL Server 2008’s SQLCLR functionality also provides extensive support for XML via .NET
Framework 2.0 classes. With .NET 2.0, enhancements were made to existing .NET 1.1 classes,
and new classes and features have been added. These new features are discussed in greater
detail in Chapter 8.

The xml Data Type

Prior to SQL Server 2005, SQL Server provided extremely limited support for storing, manag-
ing, and manipulating XML data. SQL Server 2000 implemented its XML capabilities through
implementation of the FOR XML clause and kludgy LOB data type operations combined with
specialized system-stored procedures. SQL Server 2005 introduced the xml data type, promot-
ing XML data storage and manipulations to first-class status in SQL Server.

The xml data type remains one of the most important XML-specific features in SQL Server
2008. The xml data type supports the storage of typed XML documents and fragments that have
been validated against an XML schema collection and untyped XML data which has not. The
xml data type can be used to declare columns in a table, T-SQL variables, parameters, and as
the return type of a function. Data can also be cast to and from the xml data type. In addition,
the xml data type brings with it a set of methods useful for querying, shredding, and manipulating
XML data. The xml data type is described in detail in Chapter 3.

XML Schema Collections

XML schema collections provide the ability to validate your documents for well-formedness
and validity according to XML schemas that follow the W3C XML Schema standard. SQL
Server 2008 provides support for creating server-side XML schema collections that can be
used to validate XML documents for structure and data typing. A very powerful feature, XML
schema collections and the W3C XML Schema Recommendation are discussed in detail in
Chapter 4.

XML Indexes

In the SQL Server XML model, whenever you query or manipulate XML data, the data is first
converted to a relational format in a process known as shredding. This process can be time con-
suming when manipulating large XML documents or when querying large numbers of xml data
type instances. SQL Server 2008 supports indexing of xml data type columns. Indexing xml columns
helps the SQL optimizer significantly improve query performance on XML data stored in the
database. The performance is improved by building an index of your XML data by converting it
to a relational format, a process known as preshredding. The XML index preshredding process
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eliminates the shredding step during a query or XML data manipulation, resulting in much faster
and less resource-intensive XML query operations. New DML statements have been added to
T-SQL to make XML index management relatively easy. XML indexes will be discussed in detail
in Chapter 7.

FOR XML

SQL Server includes improvements to the legacy FOR XML clause. One improvement is tighter
integration with the new xml data type, including options to generate native xml-typed results.
FOR XML results can be assigned to variables of the xml data type, with additional support for
nesting FOR XML queries, an improvement on the SQL Server 2000 FOR XML clauses, which were
limited only to the top level of a SELECT statement. The FOR XML PATH mode, also carried over
from SQL Server 2005, is an improvement over the legacy FOR XML EXPLICIT mode. With built-
in support for XPath-style expressions, FOR XML PATH makes generating XML in explicit structures
much easier than was possible in SQL Server 2000.

The FOR XML RAW mode has also been improved with additional features, including the
ability to rename the default row element name, the ability to explicitly specify the root node,
and the ability to retrieve your data in an element-centric format. The FOR XML AUTO and FOR XML
EXPLICIT modes have also been improved with additional options and settings.

While some options have been deprecated, several additional options have been added to
the FOR XML clauses since the SQL Server 2000 version, including the ELEMENTS XSINIL option,
which generates elements for NULLs in the result set, and XMLSCHEMA, which generates an inline
XML Schema Definition (XSD) in your XML result. The power of the FOR XML clause will be
explored in detail in Chapter 2.

XQuery and XML DML Support

The new xml data type provides several methods to allow querying and modification of XML
data. These new methods, including the query(), value(), exist(), nodes(), and modify()
methods, support XQuery querying, XML shredding, and XML DML manipulation of your
XML data. The SQL Server 2008 XQuery implementation is a powerful subset of the W3C XML
Query Language specification, featuring support for path expressions, FLIWOR (for-let-where-
order-by-return) expressions, standard functions and operators, and XML DML statements.
XQuery will be discussed in depth in Chapter 5, and supported XQuery functions and opera-
tors and XML DML will be covered in Chapter 6.

HTTP SOAP Endpoints

A powerful feature introduced in SQL Server 2005, SQL Server 2008 continues providing sup-
port for native HTTP SOAP endpoints, which use the XML-based SOAP protocol. HTTP SOAP
endpoints provide an efficient, secure, easy-to-configure option for providing SQL Server-based
web service support. The built-in HTTP SOAP endpoint support makes it much easier to expose
SQL Server functionality as web services than was previously possible via the Internet Informa-
tion Server (IIS)-based web services available in SQL Server 2000. We will discuss HTTP SOAP
endpoints in Chapter 9.

15
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Note HTTP SOAP endpoints are not available in SQL Server 2008 Express Edition.

Summary

SQL Server 2008 XML functionality includes all of the functionality that was introduced
with SQL Server 2005, improved legacy SQL 2000-compatible functionality, and dozens of
new features and enhancements to existing functionality. This chapter provided an overview
of XML, its history, and improvements to XML support in SQL Server 2008.

I talked about how XML stacks up to other data formats and looked at some of the items
that you should consider when deciding whether or not XML fits in with your design goals.
Along the way I contrasted XML to HTML, and considered instances when it makes sense to
store your data in strict character format instead of using the xml data type. I also briefly consid-
ered alternatives to XML for data storage, manipulation, and transmission, and I also provided
some general guidelines to help determine when and where SQL Server’s XML capabilities can
be useful.

In order to understand where you're going, it helps to know where you came from. With
that in mind, I provided a brief overview of the history of SQL Server XML support going back
to SQL Server 2000 functionality. I then looked forward with a summary of SQL Server 2008
XML enhancements, including the xml first-class data type, the enhanced FOR XML clause, XML
schema collections, XML indexes, XQuery and XML DML support, and HTTP SOAP endpoints.
Each of these topics, and much more, will be discussed in great detail in later chapters.

In the next chapter, I'll discuss the FOR XML clause and support for other legacy XML func-
tionality, which was introduced in SQL Server 2000.
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FOR XML and Legacy XML
Support

SQL Server 2008 supports XML generation from relational data via the FOR XML clause of the
SELECT statement. The FOR XML clause is a flexible and versatile way to quickly and easily con-
struct XML from your relational data. SQL Server 2008 continues the tradition of FOR XML clause
support, including the following enhancements to the FOR XML clause:

¢ The addition of PATH mode simplifies, and adds flexibility to, the process of specifying
an explicit structure for your XML data.

e The XSINIL and ABSENT modifiers for the ELEMENTS option provide fine-grained control
over SQL NULL representation in your XML result.

» The TYPE option for converting your result XML to the xml data type.
¢ Support is included for nested FOR XML queries.

SQL Server 2008 also provides legacy support for the FOR XML EXPLICIT clause, which allows
you to specify an explicit structure for your resultant XML, and the OPENXML function, which
converts XML documents to relational form.

In this chapter, I'll discuss the many faces of the FOR XML clause and the OPENXML function.
I'll also discuss the OPENROWSET rowset provider in this chapter.

Using the FOR XML Clause

Since the 2000 release, SQL Server has provided built-in support for converting your relational
data to XML format quickly and easily with the SELECT statement’s FOR XML clause. The FOR XML
clause provides a simple, powerful, and flexible tool for relational-to-XML data conversions.
SQL Server 2008 provides several enhancements to the FOR XML clause, which I will discuss in
detail in this section. First though, I'll provide an introduction and overview to the FOR XML
clause and its modes.

The FOR XML clause appears at the end of a SELECT statement. It provides four modes of
XML generation—RAW, AUTO, PATH, and EXPLICIT. Each conversion mode has its own set of pos-
sible options, and each mode provides a trade-off between simplicity and the level of control
allowed over the structure and content of the resulting XML document.

17
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While FOR XML RAW and FOR XML AUTO are useful for quickly generating XML with automat-
ically generated element and attribute names, FOR XML PATH provides much greater control
and flexibility over the end result. FOR XML EXPLICIT also provides a high degree of control over
your resulting XML; but this option is deprecated and should not be used for new development.
In fact, if you have existing applications that use FOR XML EXPLICIT, you might consider assess-
ing the changes required to update it to FOR XML PATH as soon as possible. Table 2-1 is a quick
summary of FOR XML clause usage scenarios.

Table 2-1. FOR XML Clause Usage Scenario

FOR XML Clause Usage Scenarios

FOR XML RAW FOR XML RAW is useful for ad hoc FOR XML querying or for when the structure
of the resultant XML is not known beforehand. The results of FOR XML RAW
can change drastically if the structure of the source table changes.

FOR XML AUTO FOR XML AUTO is also useful for ad hoc FOR XML querying, but for when you
wish to use the table names in the resultant XML. This is particularly useful
when you need to map the XML result back to the original columns in the
source tables. As with FOR XML RAW, the results of FOR XML AUTO can change
if the source table changes.

FOR XML PATH FOR XML PATH is designed for explicitly defining your XML result structure.
This is a safer option than the RAW or AUTO modes in production code because
you always know the result XML structure in advance, even if the table
structure changes.

FOR XML EXPLICIT FOR XML EXPLICIT is the original method for explicitly defining XML result
structure. The operation of FOR XML EXPLICIT is more complex and less
intuitive than FOR XML PATH. You should use PATH mode instead of EXPLICIT
mode when you want to define an explicit structure for your XML results.

Each of the FOR XML modes supports a variety of options which can be included in comma-
separated form as part of the FOR XML clause. The options include R00T, which adds a root node
to your XML with an element name that you specify. Without the ROOT option, FOR XML RAW
generates an XML fragment. You will want to specify the ROOT option when you need well-formed
XML with a single root node. If you do not need a single root node (XQuery does not require
source XML to have a single root node, for instance), then don't worry about adding one. Adding
unnecessary nodes to your XML requires additional storage space and can add complexity to
XML querying and manipulation.

The TYPE option, when specified, returns your FOR XML result as an xml data type instance.
This is particularly useful when you need to nest FOR XML queries or assign the result to an xml
variable or persist it to an xml column.

Schema options include XMLDATA, which prepends an XML Data-Reduced (XDR) schema
to the front of your XML result, and the XMLSCHEMA option which inserts an inline XML schema to
the beginning of your XML result.

Caution Avoid using the XMLDATA option, since it is deprecated and Microsoft has announced that it will
be removed from a future version of SQL Server. If you have code that uses the XMLDATA option, it’s a good
idea to begin the process of converting it to use the XMLSCHEMA option instead.
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Other available options include BINARY BASE64, which encodes binary data in Base64
format, and the ELEMENTS option, which returns data as subelements instead of attributes. The
ELEMENTS option supports two additional modifiers, XSINIL and ABSENT. The XSINIL modifier
tells FOR XML to represent SQL NULLs with an xsi:nil = "true" attribute in the resultant XML.
The ABSENT feature, which is the default, specifies that NULLs should be eliminated from the
XML result.

Figure 2-1 shows the FOR XML clause options supported by each of the FOR XML modes.

FOR XML Clause Options Chart
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FOR XML AUTO ® © o o o o o
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FOR XML PATH [ N BN NN NN BN ]
FOR XML EXPLICIT [ ] [ BN BN

*The XMLDATA option is deprecated. Use XMLSCHEMA instead.

Figure 2-1. FOR XML clause options by mode

PATH Mode

The FOR XML PATH clause was first introduced in SQL Server 2005, and it continues to be sup-
ported in SQL Server 2008. This clause replaces the more complex FOR XML EXPLICIT clause,
which I will describe later. Unlike RAW and AUTO modes, PATH mode requires you to explicitly
define the structure of your XML result. While it requires more planning and development
work on your part, the trade-off is that you gain greater control and flexibility over the gener-
ated XML. You can also rest assured that, unlike RAW and AUTO modes, your middle-tier and
client-side applications will always know the exact structure of the resultant XML in advance.
PATH mode is also a lot easier to use than the deprecated EXPLICIT mode because it lets
you use XPath syntax to explicitly define the structure of your XML result. It also eliminates
the need for the odd EXPLICIT mode “bang” syntax and its kludgy “universal table format.”
Listing 2-1 demonstrates how to use FOR XML PATH to retrieve information about selected
AdventureWorks employees in XML format. The result of this query is shown in Figure 2-2.

Tip Unless otherwise noted, all sample Transact-SQL (T-SQL) queries and Data Manipulation Language
(DML) statements are designed to run against the sample AdventureWorks database. See Chapter 1 for
information on how to obtain and install the AdventureWorks sample database if you don’t have it already.
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Listing 2-1. Sample FOR XML PATH Query

SELECT emp.NationalIDNumber AS "Employee/@ID",
emp.HireDate AS "Employee/Hire-Date",
per.LastName AS "Employee/Name/Last",
per.FirstName AS "Employee/Name/First",
per.MiddleName AS "Employee/Name/Middle"

FROM HumanResources.Employee emp

INNER JOIN Person.Person per
ON emp.BusinessEntityID = per.BusinessEntityID

WHERE emp.BusinessEntityID IN ( 2, 3 )

FOR XML PATH,

ELEMENTS XSINIL;

XML_F52E2861—...F4991681.xml*} -
Fl<row zmlns:xsi="http://www. w3 . org/2001/¥MLSchema- instance">
<Employees ID="245797967":
<Hire-Date>1998-03-03</Hire-Date>
<Name>
<Last>Duffy</Last>
<First>Terri</Firsts>
<Middle>Lee</Middle>
</ Name:>
</Emnployee>
</ rows
Fl<row zmlns:xsi="http:/ . w3 . org/2001/XML3chena-instance ">
<Enployes ID="509647174":
<Hire-Date>1997-12-12</Hire-Date:>
<Name>
<Last>Tamburello</Last:>
<First=Roberto</First>
<Middle zsi:nil="true" />
</ Name:>
</Emnployee>
</ rows

[3]]x

| €

4

|

Figure 2-2. Result of FOR XML PATH query

In PATH mode, FOR XML uses column names or column aliases as XPath expressions to
define the structure and names of XML nodes and attributes in your XML result. In Listing 2-1,
the employee’s ID column is named Employee/@ID, indicating that the value returned by the
query is an attribute of the Employee element, named ID. By contrast, the employee’s hire date
is named Employee/Hire-Date, indicating it is a subelement of the Employee node.
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Tip Most of the time you will want to use an alias for your column names with FOR XML PATH, since the
name will usually contain forward slash characters (/), at signs (@), and node test parentheses. You will want
to quote these identifiers because of the special characters involved.

As with RAW mode and AUTO mode, the results of PATH mode are not well-formed by default.
Also each row is indicated by a row element in the XML result. PATH mode has a very specific
set of rules for XPath-style column naming, shown in the following list:

Column names in the SELECT clause with FOR XML PATH are case sensitive, even in
a database with a case-insensitive collation. A column named Employee is different
from a column named EMPLOYEE as far as FOR XML PATH is concerned.

Columns in the result set with no name specified are created inline. This means that
columns containing xml data are inserted directly in the XML result, while results of
other data types are inserted as text nodes. Nameless columns are generated by scalar
subqueries and computed columns when no alias is specified.

Columns with names beginning with an at sign (@) are mapped as attributes of the row
element for each corresponding row.

Columns with names that do not begin with an at sign (@) and do not contain a forward
slash (/) are mapped as subelements of the row element.

Column names that contain one or more forward slashes (/) and do not contain an at
sign (@) are mapped as subelements in a hierarchical structure below the row element.
As an example, Listing 2-1 includes a column named Employee/Hire-Date, which indi-
cates the following hierarchical structure:

<Employee>
<Hire-Date />
</Employee>

Columns that have the same prefix are grouped together as elements in the same hier-
archical structure, under the same subelement. Listing 2-1 includes three columns with
the same prefix, Employee/Name/Last, Employee/Name/First, and Employee/Name/Middle.
These columns are grouped together in the hierarchy like the following:

<Employee>
<Name>
<Last />
<First />
<Middle />
</Name>
</Employee>
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e InFOR XML PATH queries, the order of columns in the SELECT clause is important. If a column
with a different prefix appears between columns with the same prefix, FOR XML PATH will
break its grouping. SQL Server will generate multiple subelements with the same name
when a grouping is broken. If, for instance, a column named Employee/Email-Address is
placed between the Employee/Name/Last and Employee/Name/First columns, the hierarchy
will be formed like this:

<Employee>
<Name>
<Last />
</Name>
<Email-Address />
<Name>
<First />
<Middle />
</Name>
</Employee>

¢ Columns named with the wildcard asterisk character (*) or the name node() are
inserted inline under the row element.

¢ Columns with names that contain one or more forward slashes (/) and end with an
identifier beginning with an at sign (@) are mapped as attributes of the element named
before them in the hierarchy. Listing 2-1 includes a column named Employee/@ID, for
instance. This indicates an attribute of the Employee element named @ID.

Additionally, FOR XML PATH XPath expressions cannot begin or end with a forward slash,
and they cannot contain the // axis step operator. XPath node tests can be used as column
names in PATH mode. Node tests are described in detail in the “Using XPath Node Tests”
section of this chapter.

The ELEMENTS XSINIL option used in Listing 2-1 tells FOR XML to include NULLs as elements
with the xsi:nil = "true" attribute. Employee Roberto Tamburello has a NULL middle name,
for instance. When you eliminate the ELEMENTS XSINIL option from the query, as shown in
Listing 2-2, FOR XML eliminates NULL elements from the output.

Listing 2-2. Employee XML Without ELEMENTS XSINIL

SELECT emp.NationalIDNumber AS "Employee/@ID",
emp.HireDate AS "Employee/Hire-Date",
per.LastName AS "Employee/Name/Last",
per.FirstName AS "Employee/Name/First",
per.MiddleName AS "Employee/Name/Middle"

FROM HumanResources.Employee emp

INNER JOIN Person.Person per
ON emp.BusinessEntityID = per.BusinessEntityID

WHERE emp.BusinessEntityID IN ( 2, 3 )

FOR XML PATH;
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The result of removing ELEMENTS XSINIL is shown in Figure 2-3. Notice that Mr. Tamburello’s
middle name element is completely eliminated from the results.

XML_FSQEQBGI—...F4991633.xm|*] =
O] <rows
<BEmployese ID="Z45797967">
<Hire-Date>1998-03-03</Hire-Date>
<Name:>
<LastxDuffy</Lasts>
<FirstrTerri</First>
<MiddlexLee</Middle>
</ Name>
</Emp loyees>
</ rows
E <rows L
<BEmployee ID="509647174">
<Hire-Date»1997-12-12</Hire-Date>
<Name:>
<Last>Tamburello</Lastx>
<FirstrRoberto</First:>
</MName:>
</Emp loyees>
</ oW

[

w
3 | =

Figure 2-3. Result of FOR XML PATH without ELEMENTS XSINIL

FOR XML PATH also supports the TYPE, BINARY BASE64, and ROOT options. It does not support
the XMLSCHEMA and XMLDATA options for inline schema generation.

RAW Mode

FOR XML RAW is useful for quickly generating XML from your source relational data. RAW mode is
a “no muss, no fuss” method for generating XML data quickly and easily. Though it is simple,
FOR XML RAW requires you to give up a good deal of flexibility and control over your XML result
structure. In its simplest form, RAW mode represents each row of your relational data as a single
XML node with attributes representing each column. Listing 2-3 shows a simple AdventureWorks
department listing in XML format. The result of this simple query is shown in Figure 2-4.

Listing 2-3. Sample FOR XML RAW Query

SELECT d.DepartmentID,
d.Name,
d.GroupName
FROM HumanResources.Department d
WHERE d.DepartmentID IN ( 7, 8 )
FOR XML RAW ( 'MyNode' );
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XML_F52E2B61-...F49916B2.xml*| v X

|

<MyMNode DepartmentID="7"
Name="Production”
GroupMame="Manufacturing™ /=

<MyMNode DepartmentID="8" .
Name="Production Control”
GroupMame="Manufacturing™ /=

|

Figure 2-4. Result of sample FOR XML RAW query

FOR XML RAW assigns a default name of row to each row. I changed the row element name
to MyNode in the sample by specifying the optional element name in parentheses after the RAW
keyword.

Tip Some XML results shown in this book have been formatted for easy reading. The content of the XML,
however, has not been altered.

One thing you might notice immediately about this result is that it is not well-formed—
it does not have a single top-level element. You can change this behavior by specifying the
optional ROOT keyword of the FOR XML RAW clause. Listing 2-4 revises the previous query by
adding a root node named TheRootNode to form an XML document instead of a fragment. The
result of the simple example in Listing 2-4 is the well-formed XML shown in Figure 2-5.

Listing 2-4. FOR XML RAW Query with ROOT Option

SELECT d.DepartmentID,
d.Name,
d.GroupName
FROM HumanResources.Department d
WHERE d.DepartmentID IN ( 7, 8 )
FOR XML RAW ('MyNode'),
ROOT( ' TheRootNode');
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XML_F52E2B61—...F49916B3.xml*] - X
E «TheRootHode:

| *

<MyMNode DepartmentID="7"
Name="Production”
GroupMame="Manufacturing™ /=

<MyMNode DepartmentID="8" L
Name="Production Control”
GroupMame="Manufacturing™ /=

L </ TheRootNode:>

£

Figure 2-5. Result of FOR XML RAW query with ROOT option

The default output format, with one element per row and each column represented as an
attribute, is known as attribute-centric XML. You can use the ELEMENTS option to generate your
result in element-centric format, using subelements to represent columns in the output.
Listing 2-5 modifies Listing 2-4 to produce an element-centric format. The element-centric
result of this query is shown in Figure 2-6.

Listing 2-5. FOR XML RAW with ELEMENTS Option

SELECT d.DepartmentID,
d.Name,
d.GroupName
FROM HumanResources.Department d
WHERE d.DepartmentID IN ( 7, 8 )
FOR XML RAW ('MyNode'),
ROOT (' TheRootNode "),
ELEMENTS;
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XML_F52E2B61-..05F49916B2.xml |

[ <TheRootHode:

[1] <MyNode:>
<DepartmentID>T</DepartmentID>
<Mame>Production</HNamne>
<GroupNane>Manufacturing</Grouplans>

- </MyNodes

E  <MyNode:
<DepartmentID>8</DepartmentID>
<Mame>Production Control</Name>
<GroupNane>Manufacturing</Grouplamnes:>
F o </MyNode>

L=/ TheRootNode>

i
[E Ak

%

<

| v

Figure 2-6. FOR XML RAW element-centric result

FOR XML RAW also supports inline XML schema generation with the XMLSCHEMA option.
Listing 2-6 demonstrates how to add the XMLSCHEMA option to the example query in Listing 2-5,
resulting in the XML with an inline XML schema definition shown in Figure 2-7.

Listing 2-6. FOR XML RAW with XMLSCHEMA Option

SELECT d.DepartmentID,
d.Name,
d.GroupName
FROM HumanResources.Department d
WHERE d.DepartmentID IN ( 7, 8 )
FOR XML RAW ('MyNode'),
ROOT (' TheRootNode"),
ELEMENTS,
XMLSCHEMA;
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XML_F52EQB61—mF49916BTMnﬂﬂ
[E «TheRootNodex

4l

«<xsd:schema targetNamespace="urn:schemas-microsoft-com:sgl: SqlRowsSetl”
mlns:xsd="http:/ Swww. w3 .org/2001/ /XMLSchema "
zmlns:sgqltypes="http:/fschemas .microsoft.con/sgqlserver/2004/sgqltypes”
elementFormDefault="qualified">

<zsd:import namespace="http://schemas .microsoft.com/sqlserver/2004/5qltvpes”

=

schemalocation="http://schemas .microsoft.com/sqlserver/2004/sqltvpes/sql |

<xsd:element name="MyHNode":>
<xsd:complexType>
<xsd:sequencex
«<xsd:element name="DepartmentID" type="sgltypes:smallint" />
<xsd:element name="Name":>
<xzsd:simpleType sqltypes:sqlTyperlias="[AdventureWorks2008]. [dbo]. [Mame] ">
<wsd:irestriction base="sgltypes:nvarchar" sqgltvpes:localeId="1033"

sqltypes:sqlConpareoptions="IgnoreCase IgnoreKanaType Ig

sqltypes:sqliortId="52">
<xsd:maxLength value="50" />
</zsd:restriction>
</zsdizinpleTypes
</xsd:element:>
</xsd:sequence>
</xsd:conplexType>
</xsd:element>
</usd:schemnax>
<MyNode xmlns="urn:schemas-microsoft-com:sql:SglRowietl™s>
<DepartmentID>7</DepartmentID>
<Name>Production</Name:>
<GroupNamerManufacturing</GroupName:>
</ MyNodes
<MyNode wmlns="urn:schemas-microsoft-com:sql:SglRowset]l™>
<DepartmentID>B</DepartmentID>
<Name>Production Control</Namex
<GroupMame>Manufacturing</Grouplame>
</MyNodex

L </TheRootNode>

i >

K3

Figure 2-7. FOR XML RAW result with inline XML schema

Note XML schema definitions allow you to constrain the structure and content of your XML data. | will
cover SQL Server support for XML schema definitions in depth in Chapter 4.
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The equivalent option for generating an XDR schema is shown in Listing 2-7. Note that
this option should not be used in new development work; I give this example because you
may have to support existing code that uses the XMLDATA option. Notice that you cannot use
the ROOT option or specify the row element name when the XMLDATA option is used.

Listing 2-7. FOR XML RAW Query with XML