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In this thesis we study the performance of update algorithms for replicated
data in a distributed database. In doing so, we also investigate several other related
issues.

We start by presenting a simple model of a distributed database which is
suitable for studying updates and concurrency control. We also develop a per-
formance modcl and a set of parameters which represent the most important
performance fcaturcs of a distributed database.

The distributed database models are used to study the performance of update
algorithms for replicated data. This is done in two steps. First the algorithms are
analyzed in the case of completely replicated databases in a no failure, update
only environment. Then, the restrictions that we made are eliminated one at a
time, and the impact on the system performance of doing this is evaluated. For
the first step, we develop a new technique for analyzing the performance of update
algorithms. This iterative technique is based on queueing theory. Several well
known update algorithms are analyzed using this technique. The performance
results are verificd through detailed simulations of the algorithms. The results
show that ccntralized control algorithms nearly always perform better than the -
more popular distributed control algorithms. This is a surprising result because
the distributed algorithms were thought to be more efficient.

The performance results are also useful for identifying the critical system
resources. This insight leads to the development of several new update algorithms
with improved performance. In particular, the MCLA-h algorithm which we
present performs better than all other update algorithms in most cascs of interest.
The MCLA-h algorithm is based on the new concept of “hole lists" which are
used to incrcase the parallclism of updates. Several variations of the MCLA-h
algorithms are also analyzed.

In order to investigate the validity of our results in a general system, we relax
the assumptions made initially in the performance studies. We show that it is
possible to make a centralized control algorithm (like the MCLA-h) resilient in the
face of many types of failures. We show that the cost in terms of performance for
doing this is roughly the same for all algorithms and thus, the original performance
comparisons are still valid in the case of crash resistant algorithms.

We analyze distributed databases with partitioned data and multiple inde-
pendent control mechanisms (called controllers). We describe transaction process-
ing in this environment and we discuss how the performance results of the fully
duplicated case can be used to design update algorithms in this environment.

We demonstrate how updates that do not specily their base set initially can be
processed. We present three fundamental alternatives for processing these updates
and we analyze their performance.

The opcration of rcad only transactions (queries) and their interaction with
the update algorithms has not been covered in the literature. In this thesis, we
classify qucries into free, consistent and current queries, and we present algorithms
for processing each type of query under the different update algorithms.
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