





ditional energy being consumed by the disk between the
time when the disk is ready to serve data and the arrival
of the first 1/0, which is most prevalent in ACSU.

Due to a large number of mispredictions, ACSU con-
sumes significantly more idle and power-cycle energy
than IASP. On average, IASP consumes 30% less energy
idling than ACSU, and 40% less energy cycling power
modes when using WD2500JD. In 40GNX’s case, IASP
consumes 27% less idle energy than ACSU, and 25% less
cycling energy. On average, with the WD2500JD, 1ASP
consumes 6% more energy than the on-demand mech-
anism due to waiting after early spin-ups and the few
mispredictions that result in the consumption of energy
not present in the on-demand mechanism. Similarly, in
the 40GNX case, IASP consumes 7% more energy than
the on-demand mechanism. Keeping the disk always on
has the effect of increasing idle energy consumption to
levels that are prohibitively large for energy constrained
systems. Overall, the energy consumed by WD2500JD
using ACSU is 49% lower than keeping the disk always
on, 70% lower in case of IASP, and 65% lower for ALT+.
The energy consumed by 40GNX when using IASP is
64% lower, 60% lower for ALT+. Differences in rela-
tive energy consumption result from the different power
profiles of the two disks in question.

5.6 Overheads

The computational and storage overheads of any power
management mechanism have to be taken into considera-
tion, since improving the energy consumption of one de-
vice while equally increasing that of another does not re-
sult in energy-efficiency. Therefore, it is critical to keep
computational requirements to minimum to avoid the ex-
cess energy consumption in the processor. Additionally,
the storage overheads of a power management mecha-
nism’s data should be low enough to be considered in-
significant, since storing a large amount of data could
potentially impact the execution of interactive applica-
tions by polluting data caches in the processor.
Considering those requirements, ACSU has a clear ad-
vantage since it does not have to store or compute any-
thing. It simply spins the disk up when the disk is shut-
down and a click arrives or resets the timeout variable
when the disk is active. 1ASP, on the other hand, com-
putes IDs that uniquely identify user mouse interactions
and store the interaction predictions in a prediction table.
Due to the efficiency of hash tables, the only measur-
able computational overhead is incurred when the unique
window ID is computed. Firefox has the deepest tree
of 27 levels in the studied applications. Therefore, we
setup an experiment to measure the average overhead of
traversing 27 levels of tree hierarchy and we found the
overhead to be negligible. Furthermore, this overhead

Figure 12: The experimental setup used for measuring
powver.

can be almost eliminated by modifying the X-Window
Server to automatically generate mouse click IDs as it
itself builds the window tree, rather than building a sep-
arate representation as shown in Figure 2.

The storage overhead is likewise relatively low in
IASP. For each unique mouse event we are storing its
ID (32 bits), the number of times the event was observed
(32 bits), the number of times it was followed by 1/O
activity (32 bits), and the two-bit history table (8 bits)
with two bit saturating counters for the prediction out-
come (8 bits). The resulting table entry is 14 bytes. The
number of unique click IDs in the studied applications
ranged widely from 35 in Calc to 195 in Writer. There-
fore, in the worst case Writer requires 2.67KB to store
195 entries. An 11.3KB table would suffice for storing
all entries from every one of the six applications we have
studied.

5.7 Experimental Evaluation

Experiments were conducted using a setup of two desk-
top machines with dual-core 3.0GHz processors and
2GB of memory. As shown in Figure 12, a multi-channel
data acquisition board (DAQ) from NI was connected to
the power cable of a WD2500JD hard drive dedicated to
replying the traces. To measure the power consumed, a
0.1 ohms resistor was placed in series with the hard disk
power supply and the voltage drop across the resistor was
fed to the DAQ. The second machine, running Windows
XP and the DAQ drivers, ran the LabView setup sam-
pling measurements at 1000Hz from the DAQ. The sim-
ulated trace-driven prediction mechanisms were ported
to a driver that replays the traces on the measured hard
drive.

Figure 13 shows a selected portion of the Dia trace, as
replayed on the hardware and captured through the ex-
perimental setup. We show several activity periods for
on-demand spin-up, ACSU, and IASP. We omit ALT+
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due to its low accuracy. Figure 13 shows several Lines
C, E, and G which show the spin-ups that were initiated
on-demand when the I/O arrived. The period of disk ac-
tivity beginning at A, as initiated by ACSU, illustrates
ACSU’s aggressive spin-up policy. At A the user begins
a series of interactions which cause the disk to spin up
and remain spinning until the interaction ends and I/O is
served. The I/O arrived at C and the disk was spun up
on-demand to serve the request. IASP, on the other hand,
spun-up early at B, in response to a user interaction that
predicted that I/0 will follow.

Similarly, we see that the next interaction at D, caused
both TASP and ACSU to spin-up the disk ahead of E,
where the disk was spun up on-demand. Another exam-
ple occurs at G, with on-demand spin-up shortly follow-
ing the IASP and ACSU spin-ups. Matching up the trace
replay to the simulator output, we have verified that this
behavior is indeed expected and due to space constraints
we include only limited results from the hardware replay.

6 Conclusion

In this paper, we proposed two disk spin-up mechanisms:
ACSU that simply keeps the disk powered when users are
interacting with the application and IASP that accurately
and efficiently monitors user behavior. Both mechanisms
reduce interactive delays exposed to the users due to en-
ergy management in hard disk drives. Hard disks con-
tribute significantly to the overall energy consumption in
computer systems. Therefore, aggressive energy man-
agement techniques attempt to maintain the hard drive in
a low power state as much as possible exposing long la-
tency spin-up delays to the users. Reducing the spin-up
delays provides twofold benefit. First, the users are less
irritated by constant lags in the responsiveness of the sys-
tem due to disk spin-ups. Second, shorter delays allow
the system to accomplish tasks quicker resulting in less
energy being consumed by other components that have
to wait for the disk spin-up.

The key observation used in our design is that users
are responsible for the demand placed on the system
through interactive applications. Therefore, monitoring
user interaction patterns with applications provides the
opportunity for predicting I/O requests that follow the
interactions and use this to spin-up the disk ahead of
time, reducing delays. Our evaluation of proposed ACSU
and IASP shows significant improvement over modified
ALT+ mechanisms in terms of predicting upcoming disk
I/O activity and thereby shortening the interactive de-
lay associated with energy management. ALT+ mech-
anisms are not able to accurately predict I/O activity in
interactive applications resulting in an average mispre-
diction rate of 25% that increases energy consumption
in the system without providing any benefit of reducing
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Figure 13: Power consumption in a selected 550 second
period from Dia under Demand-based spin-up, ACSU,
and IASP.

delays with only 7% of periods correctly predicted spin-
ups, on average. ACSU mechanisms are very aggressive
and achieve 81% of accurate predictions that reduce de-
lays at a cost of 52% misprediction rate. As a result,
ACSU is able to reduce spin-up delays on average by
over 60% (over 5 seconds), albeit at the cost high en-
ergy consumption. Finally, IASP is much more accurate
since it is monitors user interactions. IASP on average
achieves 79% of accurate predictions that reduce delays
with only 2% of mispredictions. As a result, IASP is
able to reduce spin-up delays on average by 35% (over 3
seconds), while maintaining low energy consumption.
The primary goal of this paper was to reduce inter-
active delays due to disk spin-up exposed to the users,
while maintaining the energy efficiency of the shutdown
mechanism. Spin-up mechanisms do not reduce energy
consumption of the individual device, however they have
a side effect of making the system more energy efficient
by accomplishing tasks quicker and reducing the energy
consumed by the system waiting for the disk to spin-up.
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