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Integrated Scheduling for Operating Systems on Asymmetric Multi-core Processors
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(Institute o f Computer Systems, South China University of Technology, Guangzhou 510006)

Abstract  Asymmetric multi-core processors (AMP) are more energy efficient than symmetric
multi-core processors (SMP) and will be the mainstream of parallel computing architecture in the
future. The existing researches on the problem of parallel task scheduling in operating systems
(OS) on AMP assumed all cores have constant frequencies. They haven’t analyzed the problem
theoretically. These researches took neither the energy efficiency nor the universality of the
scheduling into account. To solve this problem, a scheduling model based on nonlinear program-
ming is proposed in this paper. Moreover, scheduling principles of comprehensively considering
synchronization characteristics of parallel tasks, asymmetry and load of cores are analyzed and ad-
hered. An integrated scheduling algorithm are also proposed based on the model. The algorithm
integrated thread scheduling and dynamic voltage and frequency scaling (DVFS) in OS to improve
energy efficiency. In addition, the algorithm achieved universality with a flexible parameter ad-
justment mechanism. It is the first algorithm to exploit thread scheduling and DVFS on AMP
simultaneously. The evaluation on real platform demonstrates that the algorithm is universal for
different conditions and it always outperforms other scheduling algorithms on asymmetric multi-
core processors (by 24 % ~50%).
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metry in multi-core processor design is demonstrated to be an

effective approach toward green computing. By integrating
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different types of cores in a single chip, the asymmetric
multi-core processors (AMP) provide the architectural capa-
bility to accommodate the diverse computational requirements
of the applications. With the increasing popularity of parallel
programming and AMP, how to schedule the parallel tasks in
operating systems (OS) on AMP efficiently is a key prob-
lem. The widely used OS, such as Linux and Windows, are
designed for symmetric multi-core processors (SMP) and
can’t exploit the potential of AMP. The existing researches
on the problem of parallel task scheduling in OS on AMP as-
sume constant frequency for all cores and haven’t analyzed
the problem theoretically. Neither have they taken the energy
efficiency or universality of scheduling algorithm into ac-
count,

Therefore, the paper analyzes this problem theoretically
and concludes some scheduling principles comprehensively
considering synchronization characteristics of parallel tasks,

asymmetry and load of cores. Based on the scheduling princi-

ples, an integrated scheduling algorithm is also proposed. It
is the first algorithm to simultaneously exploit thread schedu-
ling and DVFS on AMP. The evaluation on real platforms
demonstrates that the algorithm achieves universal scheduling
and it always outperforms other scheduling algorithms on
AMP (by 24%~50%).

This work researches on the problem of parallel task
scheduling in OS on AMP. It is a part of our projects on
cloud computing and computer architecture. These projects
are supported by the National Science Foundation of China
under Grant No. 61070015 and the Comprehensive Strategic
Cooperation Fund of Guangdong Province and Chinese Acad-
emy of Science under Grant No. 2009B091300069.

Our past work includes dynamic resource providing and
task scheduling in cloud computing environment. The works
have been published in Journal of Software, Journal of Com-
puter Research and Development and so on. We will continue

our work on OS scheduling on AMP.



