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ABSTRACT
Graph data modeling and querying arises in many practical application domains such as social
and biological networks where the primary focus is on concepts and their relationships and the
rich patterns in these complex webs of interconnectivity. In this book, we present a concise
unified view on the basic challenges which arise over the complete life cycle of formulating and
processing queries on graph databases. To that purpose, we present all major concepts relevant
to this life cycle, formulated in terms of a common and unifying ground: the property graph
data model—the pre-dominant data model adopted by modern graph database systems.

We aim especially to give a coherent and in-depth perspective on current graph query-
ing and an outlook for future developments. Our presentation is self-contained, covering the
relevant topics from: graph data models, graph query languages and graph query specification,
graph constraints, and graph query processing. We conclude by indicating major open research
challenges towards the next generation of graph data management systems.

KEYWORDS
graph databases, property graphs, graph query languages, graph constraints, graph
query specification, graph data representation, graph query processing
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Foreword
The current surge of interest in Graph Data Bases (GDBs) reflects the popularity of their data
models based on nodes and edges, which, in many applications, provide a more intuitive concep-
tualization for entities and relationships than the one offered by Relational Data Bases (RDBs).
This has inspired the design and development of many GDB systems and their use in a wide
range of applications. Indeed to date, we counted more than 20 GDB systems developed and
used in application areas such as Semantic Web, Social Networking, Fraud Detection, Recom-
mendation Systems, Life Science, and Knowledge Bases.

For all their remarkable achievements, GDBs still lack the conceptual coherence that
RDBs have been blessed with from the beginning as a result of E.F. Codd’s seminal contri-
butions which, combined with the major research advances in theory and systems that followed,
provide the subject of numerous textbooks. However, the fast-expanding technology of GDBs
is still quite far from achieving similar levels of conceptual unification and this create hurdles
for researchers, instructors, and students alike.

This book tackles this problem head on by presenting a comprehensive unified treatment
of GDBs, as needed to serve as a reference book for experts and a textbook for graduate stu-
dents. The book’s coverage begins with a formal treatment of the Property Graph Data Model
that is common to most GDBs. Then, the book discusses GDB query languages and, moving
past their many differences, it proposes a core property graph query language and elucidates its
properties both in terms of graph logic and graph algebra. After that, the book covers tech-
niques for efficient GDB implementation, including data structures, indexes, query operators,
and processing, for which the presentation underscores how solutions different from those of
traditional DBs are often required. Furthermore, the departures from traditional technology are
even more dramatic for (i) integrity constraints, which lose their key role in normal-form RDB
schema design, but find new important uses in GDBs, and (ii) interactive query specification via
examples and counter-examples that have proven to be surprisingly effective with GDBs. The
book’s comprehensive treatment is further enhanced by extensive references and suggestions on
open research problems for further investigation.

Carlo Zaniolo
Computer Science Department
University of California at Los Angeles (UCLA)
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