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Guest Column Introduction

This month’s column deals with metadata for XML,
primarily the W3C's XML Schema
Recommendation. XML Schemais often seen as
highly complex, but quite powerful.

We have worked with Chuck Campbell in
several standards arenas, including the SQL standard
and XML Query. Chuck is an invited expert to the
W3C's XML Schema WG, so weinvited him to
write a column outlining the features and futures of
XML Schema.

Jim Melton and Andrew Eisenberg

Introduction

We begin by asking the question: What isan XML
Schema? In the broad sense, it represents the
metadata for the associated XML document or class
of XML documents. The Schema describes what can
and cannot be included in an XML document.

XML Schema s development began within the
W3C, the World Wide Web Consortium, in mid-
1998, and development continues today. | did not
join the Working Group until the 8" face-to-face
meeting in November 1999, which was held in
Reston, Virginia.

XML Schema s goal wasto extend the
capabilities of the DTD (Data Type Definition),
which was introduced in XML 1.0 and inherited from
SGML. The XML 1.0 Recommendation simplified
the DTD over its SGML ancestor. Accessing an
SGML document required aDTD, while XML states
that a XML parser must be able to read an XML
document without aDTD. Unlikethe DTD, XML
Schemas are written as XML documents, rather than
as Extended BNF. More information on DTDs can be
found in the XML Recommendation [9].

Both DTDs and XML Schemas are used to
validate XML documents and to provide metadata
information about those XML documents. XML
Schema extends the functionality provided by DTD,
most importantly with the addition of a type system.
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Two magjor interest groups, participants
representing the document interests and those
representing the data interests, make up the XML
Schema Working Group (WG); thisis much like the
composition of the XML Query Working Group. At
times, this has been a source of struggle for the
Working Group to contain the XML Schema
Recommendation’ s features so that it does not
become too complex, while keeping true to the
requirements and goals of the Working Group.

This column isjust an overview of the W3C
XML Schema; there are a number of good web-based
tutorials on the subject that you should consider if
you want a more in-depth look at the subject.

Web-Based XML Schema
Tutorials, Guides, and
Presentations

The W3C's official XML Schema Tutorial is actually
part of the XML Schema Recommendation [1].

There are al'so a number of other sources on the
subject; these are taken from the XML Schema
Public Page at the W3C web site [10] [11] [12] [13]
[14] [15] [16] [17] [18] and [19].

The W3C Process

In June 1998, the W3C looked at what work needed
to be defined for the continued development of XML.
Schema support was discussed as one of the major
technical components needed. In July 1998, the XML
Activity was approved by the W3C and in August
1998, the XML Schema WG came into being at the
XML Activity meeting in Montreal.

In August 1998, acall for participation in the
newly formed XML Schema Working Group went
out to the W3C Membership. Of the original fifteen-
workgroup members listed on the call for
participation, six are still participating in the
development of the XML Schema technologies as
members of the Working Group. The first face-to-
face meeting was scheduled for November 1998 in
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Chicago. The main topic was the development of the
requirements document.

The W3C has established several domains for
grouping the development of its Recommendations.
The XML Schema Activity is part of the XML
Activity and is part of the Architecture Domain.

Within the W3C Process, specifications
progress through several stages of maturity:

e Working Draft (WD)

Last Call Working Draft
Candidate Recommendation (CR)
Proposed Recommendation (PR)
Recommendation (REC)

The XML Schema documents that | discuss
here are the public documents that are available on
the W3C' s public XML Schema Web Site, which can
be found at: http://www.w3.org/XML/Schema

The W3C prohibits disclosure of Working
Group activities until they are made public. However,
the public can reach the Working Group members
through the XML Public Comments mailing list. The
address of that mailing list is: www-xml-schema-
comments@wa3.org. Each comment received is taken
very seriously by the Working Group and becomes a
major part of the Working Group’s duties. Each
comment is addressed by the WG and aresponseis
sent to the comment’ s author. Many comments have
led to changes and addition to the XML Schema
Recommendationsin the past and will continue to
help guide the Working Group in the future.

If you have avested interest in the development
of the XML Schema Recommendations and you are
not a member of the W3C, reviewing the public
drafts and submitting comments is an excellent way
to participate in the XML Schema devel opment
process. In addition, there is another public mailing
list for XML Schema developers. The XML Schema
developer’s mailing list is xmlschema-dev@w3.0rg
Y ou can also subscribe to the W3C' s weekly
newsletter by sending a message to:
http://lists.w3.0rg/Archives/Public/w3c-announce/

There are two other ways of participating in the
development of the XML Schema Recommendations.
Both require that you be a member of the W3C or
that you work for a W3C member company. The
Working Group permits up to two members from any
W3C member company, a Primary and an Alternate.
If you work for aW3C member company, even if
your company is not a member of the XML Schema
Working Group, you can participate in the XML
Schema Interest Group (1G).

The XML Schema Working Group uses the
XML Schema |G mailing list to discuss the
development work that takes place within the
Working Group (WG). Thisisavery rich mailing list
for technical information on the development of
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XML Schema Recommendations. The WG mailing
list ismostly used for administration maters and does
not have much technical content.

The XML Schema WG has been gathering
requirements for future versions of XML Schema,
but the current version of the Recommendations at
the time of the writing of thisarticleis 1.0.

The Set of XML Schema
Documents

The XML Schema WG has produced the following

documents:

XML Schema Part 0: Primer [1]

e XML SchemaPart 1: Structures[2]

e XML Schema Part 2: Datatypes [3]

e XML Schema Requirements [4]

The normative part of the XML Schema
Recommendation is made up of XML Schema Part 1.
Sructures, and XML Schema Part 2: Datatypes. XML
Schema Part O: Primer is non-normative and
provides examples of the use of XML Schema. Itis
highly recommended that you keep the Primer close
to hand when studying the Structures document,
which is considered the most difficult to understand.

Several notable documents provided input into
the development of XML Schema:

e Jan 2000: Datatypesfor DTDs (DT4DTD) 1.0,
(5]

e Jan'99: Document Definition Markup Language
(DDML) Specification, Version 1.0 submitted to
W3C [6]

e  Sep'98: Schema for Object-oriented XML
submitted to W3C [7]

e Jan 1998: XML Data submitted to W3C [8]

Several of these proposals were developed by
members of the Working Group and had direct
impact on the directions that XML Schema took
during itsinitial development.

Historical Review of XML
Schema

There have been several attempts at developing a
schema language for XML in the past. Many of these
efforts have had an impact on the W3C’s Schema
efforts. Most of these schema languages are no longer
in use, but their contributions are undeniable.

e XML-Data: Describesan XML vocabulary for
schemas, that is, for defining and documenting
object classes. It isaW3C Note dated 5 January
1998 and can be found at:
http://www.w3.0rg/TR/1998/NOTE-XML -datal

e XDR: Externa Data Representation Standard,
which is now RFC 1014. It was authored by Sun
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Microsystems, Inc and others and is dated Jun
1987. XDR is a standard for the description and
encoding of data. The RFC can be found at:
http://www.fags.org/rfcs/rfc1014.html

e DCD: Document Content Description: “This
document proposes a structural schemafacility,
Document Content Description (DCD), for
specifying rules covering the structure and
content of XML documents. The DCD proposal
incorporates a subset of the XML-Data
Submission XML-Data and expressesit in a
way, which is consistent with the ongoing W3C
RDF (Resource Description Framework) effort;
in particular, DCD is an RDF vocabulary. DCD
isintended to define document constraintsin
XML syntax; these constraints may be used in
the same fashion as traditional XML DTDs.
DCD also provides additional properties, such as
basic datatypes.” [taken from the abstract]. This
isaW3C Note dated 31 July 1998 and can be
found at: http://www.w3.org/TR/NOTE-dcd

e SOX: Schemafor Object-Oriented XML 2.0:
“SOX is aschemalanguage (or metagrammar)
for defining the syntactic structure and partial
semantics of XML document types. As such,
SOX isan dternativeto XML DTDs and can be
used to define the same class of document types
(with the exception of external parsed entities).
However, SOX extends the language of DTDs
by supporting: An extensive (and extensible) set
of datatypes
* |nheritance among el ement types
* Namespaces
* Polymorphic content
* Embedded documentation
* Features to enable robust distributed schema
management.

All of these features are supported with strong
type checking and validation. A SOX schemais
also avalid XML instance according to the SOX
DTD, enabling the application of XML content
management tools to schema management.”
[taken from the abstract]. SOX isaW3C Note
dated 30 July 1999 and can be located at:
http://www.w3.0rg/ TR/INOTE-SOX/

e DDML: Document Definition Markup Language
Specification Version 10. “This document
proposes Document Definition Markup
Language (DDML), a schema language for XML
documents. DDML encodesthe logical (as
opposed to physical) content of DTDsin an
XML document. This allows schemainformation
to be explored and used with widely available
XML tools. DDML is deliberately simple,
providing an initial base for implementations.
While introducing as few complicating factors as
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possible, DDML has been designed with future

extensions, such as data typing and schema

reuse, in mind.” [taken from the abstract]. This

document is a W3C Note dated 9 January 1999

and can be located at:

http://www.w3.0rg/ TR/NOTE-ddml

Currently, there are several attempts to create an
aternative to the W3C's XML Schema. These are
mentioned later.

XML schemas vs. DTDs

First off, lets debunk the myth that XML Schemais
meant to replace the DTD. Many users of markup
languages have invested heavily in the development
of DTDsto help manage their businesses and
industries. Many industries have standardized DTDs
that manage the XML data between applications. If
these work well, then there is no reason to convert to
XML Schemas. An XML Schemais more verbose
than aDTD that does the same thing. XML parsers
support DTDs fully and, for many cases, the DTD
may be al that is needed. However, thereis very
little data typing available when using DTDs, and in
cases where data typing is an important issue, then
XML Schema provides the better solution.

The other major difference between the DTD
and an XML Schemaisthe fact that the DTD is not
an XML document; it iswritten in Extended BNF
notation. By contrast, the XML Schemaisitself an
XML document. To retain compatibility between
XML Schemaand XML 1.0 DTDs, the simple types
ID, IDREF, IDREFS, ENTITY, ENTITIES,
NOTATION, NMTOKEN, and NMTOKENS should
be used only in attributes. There are tools (such as
XML Spy: http://xmlschema.xmlspy.com/) that
convert DTDsto XML Schemas, so an investment in
DTDs can be leveraged and need not be lost in the
CONVErsion process.

In-line XML Schemas

When XML 1.0 arrived, most simple examples used
an in-line DTD embedded in the XML document. In
other words, the XML document also included the
DTD as part of the document. XML 1.0 also supports
external DTDs, such that the XML document in one
filereferencesthe DTD, which isin another file.
However, you can look high and low, with little
success, to find an example of support for in-line
schemas. There islittle support outside of Oracle’s
XML tools and Microsoft’s .net tools that support the
concept of anin-line XML Schema.

The W3C's XML Schema Working Group is
currently composing a Note to address the need to
document ways in which an in-line Schema can be
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used. The concept of an in-line Schema has never

been prohibited in the XML Schema

Recommendation, but the topic was also never truly

addressed. There are three approaches that can be

taken:

e Firdt, the Schema could be required to be the first
part of the XML Document.

e Useaspecific <schema> element referenced by
an anchor.

e Usean IDREF to reference an in-line Schema;
however, this would require the use of aDTD as
well.

It will be interesting to see which way the
industry decides to support the concept of in-line
Schemas. If you have an ideawhich (or all) should be
supported, then it would be helpful to hear your
opinions on this topic on one of the public mailing
lists.

XML Schema Part O: Primer

This part of the XML Schema Recommendation [1]
is nhon-normative, which meansthat it is not a part of
the recommendation to which an implementation can
claim conformance (or, indeed, implement). Again,
the normative parts are Parts 1 and 2. David Fallside
of IBM authored the Primer. When David joined the
Working Group, he decided that he needed to get a
handle on the XML Schema Working Drafts. So he
took on the development of the Primer as away to
learn the XML Schema technology. What he gave the
rest of usisavery useful tool for someone new to the
use of XML Schemaand a great way to get a good
grounding of the normative parts of XML Schema

The Primer example centers around the PO,
Purchase Order, a concept generally well understood
by most readers. It iswell organized and should be at
your side when you tackle the other parts of the
Recommendations. It could be improved by
expanding its coverage of Part 2, Datatypes. | ook
forward to the updates that will be included in future
versions of this document.

XML Schema Part 1: Structures

There has always been a love-hate relationship with
XML Schemafor many users. Many have
complained that the Recommendation is too complex
and difficult to understand. If there is aculprit for this
feeling, it is probably due to the Structures document
[2]. It should be noted that the XML
Recommendation is a 46-page document compared to
the Structure document’ s 159 pages.

During the development of the XML Schema
Recommendations, there was a constant tug and pull
on the Working Group to continue to add features to
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the recommendation (often known as “feature
creep”). Everyone had a favorite feature that they
could not live without. However, it was decided that
the major goal had to be that XML Schemas would
have to have the functionality of the DTD, while
adding functionality beyond the DTD. So where do
you stop? In the end, | am not sure we made any one
really happy. The XML Schema Recommendations
are acompromise of several interest groups.

The Structures document was reorganized
several times to make the organization of the material
more approachable. However, it is still considered by
most readers to be a difficult document to get their
heads around. The reader should have completed the
Primer before attempting the Structures document. It
isalso agood ideato have the Primer close at hand
while reviewing the Structures document.

The XML Schema Part 1: Structures document
is dependent on these other Specifications:

XML Infoset

e XML Namespaces

e XPath

e XML Schema Part 2: Datatypes

The Structures document defines the XML
Schema usage of attributes, elements, and complex
type definitions, as well as the constraint and
validation rules associated with them. In addition, the
use of namespaces allows for the use of mixed
vocabularies with elements, attributes, and complex
types having the same name. In other words, an XML
document can have elements for avocabulary dealing
with travel and use an element <Port> at the same
time as a vocabulary dealing with computer hardware
that also uses an element with the name <Port>—
without having any naming collisions. Thisin itself is
atremendous advantage over the DTD.

The use of the XML Infoset will proveto be
another topic for XML Schemas. InaW3C
workshop, the topic of process control was
investigated and the XML Infoset looks like an
option. There are many other topics in the document,
which assures DTD functionality. The datatype DTD
compatibility is covered by the next part of the XML
Schema Recommendation: Part 2: Datatypes.

XML Schema Part 2: Datatypes

Thefinal part of the XML Schema Recommendation
is XML Schema Part 2: Datatypes[3] and, like Part
1: Structures, it is normative. This part of the XML
Schema Recommendation devel ops a robust type
system that includes:

e Datatype

e Value Space

e Lexica Space
o Facets
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¢ Datatype Dichotomies
e Built-in datatypes
—  Primitive Datatypes
— Derived Datatypes
The top of the built-in datatypes hierarchy is
anyType. | will attempt to depict the built-in

datatype hierarchy below:
e All complex types are derived by extension or
restriction.

e anySimpleType—an ur type; other simples
types are derived by restriction from

anySimpleType:
duration date
time dateTime
gYearMonth gYear
gMonthDay gMonth
gDay boolean
base64Binary hexBinary
float double
anyURI QName
NOTATION
decimal [see string [see
additional hierarchy  additional
below] hierarchy below]

Both string and decimal have additional
datatypes below them, asillustrated below:
e string

— normalizedString
— token
= language
= Name
e NCName
e |D
e |IDREF
o |IDREFS
e ENTITY
o ENTITIES
= NMTOKEN
¢ NMTOKENS
e decimal
— integer
= nonPositivel nteger
e negativel nteger
= long
e int
o short
= hyte
= nonNegativel nteger
e unsignedLong
0 unsignedint
= unsignedShort
e unsignedByte
= positivel nteger
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All of these datatypes are derived by restriction
with the exception of IDREFS and ENTITIES, which
are both derived by list.

There will be more clarification in future
versions of the Recommendations when they are
published. | should mention that the Schema WG has
recently approved XML Schema 1.0 Second Edition
documents, which have all the errata applied and can
save the reader the jumping from the
Recommendation to the errata document.

NIST (National Institute of Standards and
Technology) is collecting a set of XML Schema
(built-in) Datatype Conformance Tests.
http://www.nist.gov/ gets you to the NIST Web Site,
after which you will need to do a search for XML
Schema Conformance Tests. You will get alist of
literally thousands of tests.

Future Work

The W3C XML process is working towards the
publication of arelatively minor revision of the XML
Schema Recommendations in the near future. It is
difficult for meto give any details on what is coming
up in the future, since | am bound by the W3C
confidentially rules. | can say, however, that
requirements are already being gathered for future
versions of XML Schema; whether there will be a
version 1.1 Recommendation or not is not evident,
but it seems quite likely that there will be aversion
2.0. The XML SchemaWorking Group is chartered
through September 2003. | see this work continuing
for the foreseeable future. However, if you'd like to
see more of what isto come, you or your company
can either join the W3C or become active in the
public mailing list I mentioned. Thisis an exciting
technology that has possibilities beyond the
document and validation. It can also passrules
between applications such as a dynamic interface
contract, but that is atopic for another article.
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