
CHAP T E R 23
Parallel and Distributed
Transaction Processing

We studied transaction processing in centralized databases earlier, covering concur-
rency control in Chapter 18 and recovery in Chapter 19. In this chapter, we study how
to carry out transaction processing in parallel and distributed databases. In addition
to supporting concurrency control and recovery, transaction processing in parallel and
distributed databases must also deal with issues due to replication of data, and of fail-
ures of some nodes.

Both parallel and distributed databases have multiple nodes, which can fail in-
dependently. The main difference between parallel and distributed databases from the
view point of transaction processing is that the latency of remote access is much higher,
and bandwidth lower, in a distributed database than in a parallel database where all
nodes are in a single data center. Failures such as network partitioning and message
delays are much less likely within a data center than across geographically distributed
sites, but nevertheless they can occur; transaction processing must be done correctly
even if they do occur.

Thus, most techniques for transaction processing are common to both parallel and
distributed databases. In the few cases where there is a difference, we explicitly point
out the difference. And as a result, in this chapter, whenever we say that a technique
is applicable to distributed databases, it should be interpreted to mean that it is appli-
cable to distributed databases as well as to parallel databases, unless we explicitly say
otherwise.

In Section 23.1, we outline a model for transaction processing in a distributed
database. In Section 23.2, we describe how to implement atomic transactions in a dis-
tributed database by using special commit protocols.

In Section 23.3 we describe how to extend traditional concurrency control tech-
niques to distributed databases. Section 23.4 describes concurrency control techniques
for the case where data items are replicated, while Section 23.5 describes further ex-
tensions including how multiversion concurrency control techniques can be extended
to deal with distributed databases, and concurrency control can be implemented with
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heterogeneous distributed databases. Replication with weak degrees of consistency is
discussed in Section 23.6.

Most techniques for dealing with distributed data require the use of coordinators to
ensure consistent and efficient transaction processing. In Section 23.7 we discuss how
coordinators can be chosen in a distributed fashion, robust to failures. Finally, Section
23.8 describes the distributed consensus problem, outlines solutions for the problem,
and then discusses how these solutions can be used to implement fault-tolerant services
by means of replication of a log.
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