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ABSTRACT

To save energy, many power management policies rely on issuing
mode-change commands to the components of the system. Efforts
to date have focused on how these policies interact with the external
workload. However, the energy savings are ultimately limited by
the set of power-saving modes available to the power manager. This
paper exposes new power-saving opportunities to existing system-
level power managers by handling each desired mode change in
terms of an optimal sequence of mode transitions involving mul-
tiple components. We employ algorithms to optimize these tran-
sition sequences in polynomial time, making them applicable to
static and dynamic policies. The decoupling between policies and
mechanisms also makes this approach modular and scalable to de-
vices with complex modes and intricate dependencies on other de-
vices in the system. Experimental results show significant energy
savings due to these sequentialized mode-change opportunities that
would otherwise be difficult to discover manually even by experi-
enced designers.
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1. INTRODUCTION

As embedded systems grow in complexity, designers must re-
think power management in the context of complex components.
With the advent of systems-on-chip (SoC), today’s system will be-
come tomorrow’s component, and individual components will con-
tain their own local power managers. It will no longer be viable for
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a system-level power manager to continue controlling power the
way it is done today. Today’s power management approaches re-
spond to a variable stream of events by selecting a new power mode
for each component. If the overhead for this mode change cannot
be amortized over the break-even time, then the power manager
will not make the mode change. Such an approach is adequate for
relatively simple systems such as laptop computers with hard disks
and displays. The power manageable components operate mostly
independently of each other. As a result, power managers today
need only to model the available modes and some workload profile
without concerns for the inter-component interactions.

For the next generation embedded systems, where the compo-
nents appear more like nodes in a distributed multiprocessor sys-
tem, power management must be done very differently. Not all
mode transitions are available at all times due to the inter-component


















