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With rapid progress in semiconductor technology, portable devices are enabled
with sophisticated processing capability and can provide services that were only
available in desktop computers decades ago. However, the high frequency and chip
density in new designs not only brings fast execution performance, but also makes the
battery-operated system more energy hungry. Therefore, low-power design which
tries to reduce the power dissipation while still satisfying the performance
requirement becomes a hot research field in electronic research.

System level energy-saving technologies focus on increasing the energy efficiency
in portable devices. Dynamic Power Management (DPM) [1], for example, will
provide power on-off control to the portable device whose computation units are
event-driven for reactive processing. These units are activated and can access the
battery power only when they are triggered by some external events to carry out the
corresponding tasks and a so-called power management unit will be added to the
system where some scheme (policy) is implemented to decide when and how to
shutdown or wakeup certain units. Different from other computation units in the
system, the power management unit, serving as an event watchdog, will always be
active.

In various portable devices, the concept of events may have different meanings. It
may represent for example incoming data requiring execution or communication
requests for routing calculation. At a high level of abstraction, they may be
understood as events with the capability of causing task execution. For
implementations based on energy harvesting [13], events can also be the availability
of energy that can be collected, which enables and thus causes tasks to be executed.
Such “energy tokens” or “energy events” have the same practical effect at a high level
of modeling to the more traditional data and signal events. This harvestable energy
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In our previous work, the stochastic models for both policies have been
implemented using data from a realistic IBM portable Hard Disk Drive whose
parameters are given in Table 1.
Table 1: IBM HDD parameters

Transition time to
Mode Power (W) Start-up Energy (J) Active
inactive 0 4.75 58
active 1.9 0 0

In the analysis, the wakeup and shutdown transitions are assumed as symmetric,
i.e. P,,=P,; and the reciprocal of “Transition time to Active” in Table 1 are used as
the value of the corresponding rates 6 and y. When the PM is taken as cost free,
Figure 4(a) describes clearly that P drops monotonically with the increasing of
accumulation limit N.
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Although A&F policy can reduce the power dissipation especially when the
accumulation limit is high, this is at the cost of longer latency. With soft deadlines
widely used in chip design as the guideline for tasks’ execution, the average
probability of deadline violation for new incoming events is used in our previous
work as the measurement of the latency of the DPM systems.

In order to differentiate power from probability, O is used to represent probability
and probability distribution while P is used for power consumption. The average
probability of deadline violation (4PDV) is calculated in the following way.

Suppose the SP is in (active) state » when a new event comes, the corresponding
task is added to TQ and there are n+1 tasks so far waiting to be executed. The task
corresponding to the new event will be executed only after the completion of the
previous n tasks, assuming FCFS without losing generality (Non-FCFS execution
sequences have no influence on the average probability of deadline violation). The
latency in this case is the execution time of (r+1) tasks in the SP. With the execution
of each task following Poisson distribution, the execution of (n+1) tasks follows
Erlang distribution with parameters n+1 and u. If ¢ is the total time cost that the new
task spent in the SP, E,(t; n+1, 1) is the Erlang probability distribution function (pdf)
and Q, is the probability for the SP in state n, the average probability of deadline
violation in this case can be expressed as E2-2:

APDV(n,DL)=Q," [} E,(t;n+1, {)ds
where DL is the mean deadline requirement of task execution.

(E2-2)
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3. Fine grain Markov models for DPM systems
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Figure 5: The Architecture of Control Unit
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with the metastability [11] caused by simultaneous arrival of events. The complexity
in PM circuits increases both power dissipation and system latency.

The events in the memory will also be used by the scheduler (TM) part to find the
corresponding tasks to be executed in the SP. Task scheduling will also be carried out
in this part, and the number of chosen task will be sent to the SP when the task load
command is received. No matter what kind of scheduling policy may be carried out in
the TM, the time cost in every scheduling period varies from each other, which gives
the TM strong Markovian feature in its execution.

Based on the architecture of the CU in Figure 6, we can extend the Markov
models introduced in Section 2 to integrate the execution of the CU and form the new
fine grain Markov models for DPM systems.

In section 2, the index of states in the Markov models represents the length of EQ
(and TQ when the SP is active). With the decomposition of EQ to EEQ and IEQ, dual
indexes will be used in the new fine grain models. The first index represents the
length of EEQ and the second index reflects the length of IEQ (as well as TQ when
the SP is active). For example, state (ij*) describes the moment when the EEQ has i
events waiting for execution in the CU and the IEQ has j events accumulated to
activate the SP.

With the explicit representation of CU execution, the number of states in the
Markov models increases from 7 to n°. This makes it difficult to show the full model
in one figure. Therefore, each cell of Figures 7 describes one single tile of the fine-
grain Markov model of A&F policy.
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Figure 6(a) is about the inactive states of the new fine-grain model. The black
nodes in the figure are the inactive states while the white nodes are the connected
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