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Deterministic Multiprocessing
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Abstract  The executions of parallel programs are nondeterministic due to synchronizations,
races and interactions between concurrent executing units such as threads. Nondeterminism
indicates that multiple executions of the same program under the same input may produce different
outputs. Nondeterminism brings challenges to parallel programs in many aspects such as
programming, debugging, testing, fault tolerance and security. As a result, the reliability of parallel
programs is greatly reduced, which will hamper the development of parallel computing. Deter-
ministic multiprocessing controls the synchronizations, races and interactions of parallel programs
to ensure that the output of a parallel program is only affected by its input. Deterministic multi-
processing is promising to solve the above problems of parallel programs thoroughly. This
technique will improve the reliability of parallel programs and brings new opportunities to parallel
computing. In this paper, we survey current mainstream deterministic multiprocessing
techniques, analyze and compare them. We also analyze how weak memory consistency models affect
deterministic multiprocessing systems, and show the prospects of future researches on deterministic

multiprocessing.
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Background

Multicore processors have taken the place of uniproces-
sors, and become today’s mainstream CPUs. In the future,
CPU will accommodate more cores, which will lead us to the
many-core era. However, as parallelism increases, the cost
for software development and maintenance is also increased
obviously. Due to the factors such as data races, synchroniza-
tion races and message races, a parallel program may produce
different results in different executions. This nondeterminism
is the natural property of parallel programs, which makes
many tasks in parallel programs—such as programming,
debugging, testing, intrusion analysis and fault tolerance —
much more difficult than their sequential counterparts.

To solve this problem, researches proposed the technique
of deterministic multiprocessing recently. The ultimate aim
of deterministic multiprocessing is to ensure that the execution
of a parallel program always produce the same output if it is
provided with the same input. As a result, the complexity of

parallel program executions will be simplified to the level of

sequential programs, which will greatly reduce the cost of
parallel programming.

This paper introduces the research field of deterministic
multiprocessing. We start by introducing the sources of
nondeterminism in parallel programs, and comparing deter-
ministic multiprocessing with other similar techniques. Then
we discuss several mainstream deterministic multiprocessing
techniques and compare their differences. After that, we analyze
the impact of weak memory consistency on deterministic
multithreading. Finally, we foresee the future directions in
the field of deterministic multiprocessing.
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