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ABSTRACT
RDF and Linked Data have broad applicability across many fields, from aircraft manufacturing
to zoology. Requirements for detecting bad data differ across communities, fields, and tasks,
but nearly all involve some form of data validation. This book introduces data validation and
describes its practical use in day-to-day data exchange.

The Semantic Web offers a bold, new take on how to organize, distribute, index, and share
data. Using Web addresses (URIs) as identifiers for data elements enables the construction of
distributed databases on a global scale. Like the Web, the Semantic Web is heralded as an infor-
mation revolution, and also like the Web, it is encumbered by data quality issues. The quality of
Semantic Web data is compromised by the lack of resources for data curation, for maintenance,
and for developing globally applicable data models.

At the enterprise scale, these problems have conventional solutions. Master data manage-
ment provides an enterprise-wide vocabulary, while constraint languages capture and enforce
data structures. Filling a need long recognized by Semantic Web users, shapes languages pro-
vide models and vocabularies for expressing such structural constraints.

This book describes two technologies for RDF validation: Shape Expressions (ShEx) and
Shapes Constraint Language (SHACL), the rationales for their designs, a comparison of the
two, and some example applications.

KEYWORDS
RDF, ShEx, SHACL, shape expressions, shapes constraint language, data quality,
web of data, Semantic Web, linked data
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Preface
This book describes two languages for implementing constraints on RDF data, describing the
main features of both Shape Expressions (ShEx) and Shapes Constraint Language (SHACL)
from a user perspective, and also offering a comparison of the technologies. Throughout this
book, we develop a small number of examples that typify validation requirements and demon-
strate how they can be met with ShEx and SHACL. The book is not intended to be a formal
specification of the languages, for which the interested reader can consult the corresponding
reference documents, but rather, it is meant to serve as an introduction to the technologies with
some background about the rationale of their design and some points of comparison.

Chapter 1 provides a brief introduction to the topic. Chapter 2 presents a short
overview of the RDF data model and RDF-related technologies; this chapter could be skipped
by any reader who already knows RDF or Turtle. Chapter 3 helps the reader to understand what
to expect from data validation. It describes the problem of RDF validation and some approaches
that have been proposed. This book specifically reviews two of these approaches in further detail:
ShEx (Chapter 4) and SHACL (Chapter 5). These chapters describe each language and provide
a practical introduction using examples. Following the discussion of both languages, Chapter 6
presents some applications using either ShEx, SHACL, or both. Finally, Chapter 7 compares
ShEx and SHACL and offers some conclusions.

The goal of this book is to serve as a practical introduction to ShEx and SHACL using
examples. While we omitted formal definitions or specifications, references for further reading
can be found at the end of each chapter. We give a quick overview of some background and
related technologies so that readers without RDF knowledge can follow the book’s contents.
Also, it is not necessary to have any prior knowledge of programming or ontologies to understand
RDF validation technologies. The intended audience is anyone interested in data representation
and quality.

Jose Emilio Labra Gayo, Eric Prud’hommeaux, Iovka Boneva, and Dimitris Kontokostas
July 2017
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Foreword by Phil Archer
“Anyone can say anything about anything,” says the mantra for the Semantic Web. More for-
mally, the Semantic Web adopts the Open World Assumption: just because your data encodes
a set of facts, that doesn’t mean there aren’t other facts stated elsewhere about the same thing.
All of which is fine and part of the design of RDF which supports the creation of a graph at
Web scale, but in a lot of practical applications you just need to know whether the triples you’ve
ingested match what you were expecting; you need validation. You might think of it as a de-
fined subset of the whole graph, or maybe a profile, providing a huge boost to interoperability
between disparate systems. If you can validate the data you’ve received then you can process it
with confidence, using more terse code, perhaps with more performant queries. I don’t accept
that RDF is hard, certainly no harder than any other Web technology; what is hard is thinking
in graphs. Keeping in your head that this node supports these properties and has relationships
with those other nodes becomes complex for anything other than trivial datasets. The validation
techniques set out in this book provide a means to tame that complexity, to set out for humans
and machines exactly what the structure of the data is or should be. That’s got to be helpful and,
incidentally, ties in with new work now under way at W3C on dataset exchange. In my role at
W3C I watched as the SHACL and ShEx camps tried hard to converge on a single method:
they couldn’t, hence the two different approaches. Both are described in detail here with co-
pious examples, which is just what you need to get started. How can you choose between the
two methods? Chapter 7 gives a detailed comparison and allows you to make your own choice.
Whichever you choose, this is the book you need to make sense of RDF validation.

Phil Archer, Former W3C Data Strategist
July 2017



xix

Foreword by TomBaker
The technologies described here meet a need first recognized, albeit dimly, two decades ago.
Rewind to circa 2000, when the parallel development of two W3C specifications, XML Schema
and RDF Schema, both called “schema languages” but with radically different uses, caused some
confusion.

This confusion permeated our early discussions about the Dublin Core. Was it an XML
format, an RDF vocabulary, or somehow both? Could metadata just follow arbitrary formats or
did it need a data model? In 2000, the Dublin Core community turned to “application profiles”
as a way to mix and match multiple vocabularies to meet specific needs, and the idea was an
instant hit even if people disagreed about their use. Were they more for validating data, or more
about finding rough consensus on a metadata model within a community of practice? Attempts
to bridge the XML and RDF mindsets in the DCMI community, notably with a Description
Set Profile constraint language for validating RDF-based metadata (2008), never quite caught
on. Perhaps the idea needed a bigger push?

Fast-forward to 2013, when W3C convened a workshop on RDF validation which re-
vealed that many communities had been circling around the same issues, and which ultimately
led to the results described here [82]. This book focuses on data validation, an addition to the
Semantic Web stack that is long overdue. But from a DCMI perspective, the ideas for future
work outlined in its Conclusion are just as exciting: the prospect of using ShEx- or SHACL-
based application profiles to map and convert between data models, size up aggregated datasets,
or provide nuanced feedback to data providers on quality issues. ShEx and SHACL, finally
production-ready, are full of potential for further evolution.

Tom Baker, Dublin Core Metadata Initiative
July 2017



xxi

Foreword by Dan Brickley and
LibbyMiller

People think RDF is a pain because it is complicated. The truth is even worse. RDF is painfully
simplistic, but it allows you to work with real-world data and problems that are horribly com-
plicated. While you can avoid RDF, it is harder to avoid complicated data and complicated
computer problems. RDF brings together data across application boundaries and imposes no
discipline on mandatory or expected structures. This can make working with RDF data frus-
trating. Its schema and ontology languages can help define the meaning of RDF content but,
again, can’t express rules about how actual data records should look. The contents of this book
are nearly 20 years too late, but better now than never. Recent developments around RDF vali-
dation have finally made it easier to record, exchange, and understand rules about validating and
otherwise checking RDF data. Who knows what wonders await us in another 20 years.

Dan Brickley, Schema.org and Google
Libby Miller, BBC
July 2017
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