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Foreword

Concurrency control has moved from an isolated database specialty to a central role
in modern computing. Geographically distributed systems and parallel computer
systems execute computations concurrently. Hence, concurrency control is now a
cornerstone of modern computer system architecture.

This book collects in one volume our best understanding of models and tech-
niques to concurrently execute application programs. Vijay Kumar has collected
the work of the leading lights in the field, asking each to describe his specialty and
contributions. Chapters cover the entire spectrum of issues: conceptual models,
implementation techniques, and performance evaluation. As such, the book is an
excellent snapshot of the state of the art. It collects the best ideas in one volume.
Perhaps even more valuable, the book describes many unsolved problems, and so
forms a research agenda for the concurrency control field.

The book begins with abstract models that capture application domains ranging
from transaction processing to the more demanding areas of workflow, software-
engineering, and real-time process control. It covers both the classical database lore
and the more recent work on main-memory databases, object-oriented databases,
workflow, and contracts.

Complementing these concepts chapters are a compendium of chapters giving
implementation techniques. One extensive chapter explains the popular ARIES
technique with emphasis on the interactions between concurrency control and re-
covery issues. Another chapter treats the hot-spot problem in detail. Other chap-
ters cover concurrency control techniques appropriate for object-oriented databases,
real-time databases, replicated databases, and transaction scheduling in a mixed
workload environment.

The concepts and techniques chapters are kept honest by chapters that bench-
mark performance of various concurrency control techniques. Approaches are eval-
uated by both analytic models and by empirical simulations. These analytic and
empirical papers summarize the latest performance models of concurrency con-
trol techniques. They also contain results of extensive simulations comparing the
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throughput and response time offered by the various approaches under a wide spec-
trum of workloads.

This volume as a whole is a great achievement—computer science at its best.
The results are both elegant and relevant. They pull together both theory and
practice in one unified framework. The result is both a tribute to those who created
this work and a research agenda for the future.

Jim Gray
San Francisco, California



Preface

This book is about the mechanisms that maintain consistency-preserving execution
of concurrent transactions and their performance. These mechanisms are commonly
known as Concurrency Control Mechanisms (CCMs). For some time CCM has been
an important area of research. It seems, for this reason, that a large number of
CCMs have appeared in a short span of time. This proliferation of CCMs hints
that at some time or another every database researcher had a close encounter with
CCMs!

The extensive research in CCMs for centralized database systems has given
database researchers a very good understanding of the essential aspects of CCMs
for these systems. Unfortunately, this may not be said for CCMs for distributed
database systems. For this reason, this topic has not been discussed in detail here.
This book, therefore, deals mainly with CCMs and their performance for centralized
database systems. However, it does include some information about CCMs that are
also suitable for distributed database systems.

The book compiles a number of articles on CCMs and their performance, some
of which have been published previously elsewhere, and some of which have been
written exclusively for the book. The compilation, I believe, covers a lot of useful
things about CCMs.

A log of scientific discovery is difficult to compile, especially in the case of
computer science. In preparing a history of the origin of locking, concurrency, etc., I
have had, at times, to trap the personal or private communication lines! Sometimes
these lines were very noisy and some messages were encrypted. And sometimes the
messages related to these topics were mixed with pleasurable conversation, more
interesting than locking, which I should not include here!

The untold history (private communications with database wizards, wire tap-
ping, etc.) of transaction processing reveals a number of exciting facts about lock-
ing and concurrency. It discloses that the wonders of locking were first seen around
1965 with Charlie Bachman’s IDMS system. For this, Bachman received the Turing
Award. The history then indicates that Jim Gray had some affinity and dealings
with locking and he wrote a few things about the magic of locking back in 1968.

ix
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Then in 1970, the first publication appeared that revealed the secrets of locking to
the general public.

The history reveals that the concept of concurrency was originally described
(pragmatically) by Thomas Work (IBM). The documentation, said to be sketchy,
was labeled “IBM Confidential.” So here ends the detail! Locking was a part of the
functional specification for IMS/360 Version 2. (IBM's OS/360 had a file locking
facility called ENQ/DEQ, which was a partial inspiration.)

The history further discloses that in 1969, the developers of IMS/360 proposed
to use locking. It was a small team (Sid Kornelius, Vern Watts, Thomas Work, Tom
Sawyer, and Ron Obermark) and all contributed in the development of locking. In
particular, Thomas Work, Tom Sawyer, and Ron Obermark concentrated on the
concurrency control aspects, and Ron Obermark wrote the lock manager, which did
deadlock detection. The first implementation was publicly available in 1972, as a
feature of IMS/VS Version 1.0 (called Program Isolation Feature). It was used on
the segments of the IMS/VS DL-1 database. The gosssip is that the idea of locking
was also thought about by some other IBM people.

People working in the area of process synchronization in operating systems
(mostly Burroughs, IBM, and Multics) began to expand the domain of operat-
ing systems’ semaphores for managing concurrent operations in database systems.
It seems that this laid the foundation for CCMs. The idea of mutual exclusion was
implemented in database systems using locking concept, and the scheme came to
be known as concurrency control mechanisms.

To exploit the power of CCMs for database systems, a number of other important
concepts came into existence. Many ideas were implicit in early systems (e.g.,
DBTG had the notion of “run-unit,” which was somewhat like a transaction; IMS
had the notion of “sync-point,” which was transaction commit; etc.) Indeed, the
relational gang later elevated this from the level of a feature to a concept.

The names of some other formidable gangs are worth mentioning in this context.
The System R group, the GE MadMan group (Daniel Rosenkrantz, Richard Sterns,
and Philip Lewis), the CCA group (Phil Bernstein, Nathan Goodman, and others),
Dave Lomet at Watson Research, and the Lampson-Sturgis file system group at
Xerox PARC all had independent and similar ideas. The exact definition of consis-
tency was much debated. The System R group (Jim Gray, Kapali Eswaran, Irving
Traiger, R. Lorie, and others) argued strongly among themselves and concluded
by offering the degrees of consistency story. Jim believed that the MadMan group
had a similar experience, but for implementation purpose they needed degree 3
(full isolation). Bernstein and Goodman had a more relaxed/general definition of
concurrency. Dave Lomet had an idea of atomic actions similar to degree 3.

The effort of these people laid the foundation for an important research area.
The proliferation of CCMs necessitated the study of their performace. This required
a re-examination of database processing and its structure from a concurrency view-
point.

The book first deals with semantics and theoretical aspects of concurrency con-
trol. Then, an early paper by Andreas Reuter (Chapter 4) describes a framework of
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performance study of CCMs and also serves as an important link in the history of
CCMs. There are some articles that do not contain any performance work. These
papers are included because of their innovative concurrency control algorithms.

Managing concurrency in real-time systems has been a very active area of re-
search. A number of papers on real-time concurrency control mechanisms have
been compiled in the book. These papers present the current research direction in
real-time database systems.

There are a couple of papers in the book that are related to CCMs for distributed
database systems. These papers highlight the common elements of centralized and
distributed transaction processing environments with respect to concurrency.

The book does not intend to serve as an encyclopedia of CCMs but compiles a
subset of essential aspects of concurrency control for graduate students and database
researchers. There is a large volume of completed work out there, and I believe that
compiling it in more than one book is desirable.
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