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Specification 

Title of the invention: 

Method of Reducing Energy Dissipation 

Detailed Description of the Invention: 

[0001] 

[Field of the invention] 

Tl)e present invention relates to the management of electric 

power to be SUPP.lied to a disk unit, an4 more particularly to a 

method of reducing power dissipation of the disk unit. 

[0002] 

(Background art] 

Making the power dissipation of electronic equipment such as 

personal comp~ters (PCs). even smaller has recently been 
demanded from the viewPoint of environmental protection. 

Particularly, for portable equipment such as notebook type PCs, 

even a further saving of power has been demanded in order to 
make long.use possible by an incorporated power source. 

[0003] 

The hard-disk drive (HDD), employed as a storage unit for these 

pieces of equipment, has an idle mode in which a track 

~allowing operation is only performed but no read and write 
operations are performed, in addition to an active mode ·in 
which no operation is performed for·power saving, in order to 
reduce power dissipation. To further reduce power dissipation, 

the HDD also has a plurality of power saving modes, such as a 

standby mode in which a spindle motor for spinning the disk 
stands by. 
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[0004] 

To reduce power dissipation on average, it is effective to make 
a transition to a power saving mode of as low a level (less 
power dissipation) as possible during non-operation in which 
there is no command-from a host computer. 

[0005] 

on the other hand, to prevent a time to respond to a command 
from the host computer from becoming long, there is a need to 
return from the power saving mode to the active mode as soon as 
the command is received. 

[0006] 

In general, more time and energy become necessary when making a 
transitio.n to a· power saving mode of a lower level or when 
returning to the active mode. 

[0007] 

Therefore, in the case where the interval to receive a command 
is short and the· non-operating time is short, it is considered 
that the case where the energy to be dissipated for making a 
transition to the power saving mode will become grea-ter than 
the energy that can be saved by entering that power saving mod·e 
and will finally increase the average power dissipation of the 
HDD. In addition, the response to the command will be s·low by 
a time to return to the active mode. 

[0008] 

For such reasons, there is a need to optimize the timing for 
entering the power saving mode. The following algorithms have 
been considered for that purpose. 
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[0009] 

(1) Control Algorithm by a Simple Timer: 

In this algorithm, when more than a constant time has elapsed 
since a command was executed just before, it is judged that the 
next command will not come for a while, and a transition to the 
power saving mode is made. The "constant time" here means 
times respectively corresponding to a fixed value and a value 
specified by a command from the host computer. 

[0010] 

However, in this method, when the interval between commands is 
slightly longer than the above-mentioned constant time, for 
example, the next command comes immediately ·after the power 
saving mode. For this reason, this method returns to the 
active mode, and consequently, there are cases where average 
power dissipation is increased. 

[0011] 

(2) Adaptive Battery Life Extender (ABLE) Algorithm: 

In this algorithm, at intervals of the past constant time, the 
·number (density) of commands that the HDD received within that 
time is checked. In the case where the density of the commands 
received within the constant time is high, the time to make a 
transition to the power saving mode is shortened. In the case 
where the density of the commands is low (the interval between 
the commands is long), the time to make a transition to the 
power saving mode is lengthened. 

[0012] 

With this algorithm, in the case where the HDD receives 
commands at constant intervals, the possibility of the next 
command coming immediately after an entry of the power saving 

i . 
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mode can be reduced. However, in the case where the interval 
between commands changes at random, a transition to the power 
saving mode cannot be always made at optimum timing. Also, 
since the timing to make a transition to the power saving mode 
is determined based on the density of commands with the time, 
at which a command was received, as a reference, the apparent 
density will be reduced in the ca~e where the time for the HDD 
to process a command is long, and . consequently, there is a 
possibility that a transition to the power saving mode will be 
made at improper timing. 

[0013] 

(3) Enhanced Adaptive Battery Life Extender (ABLE2) Algorithm 

This algorithm is expansion of the ABLE algorithm in (2) •. That 
is, the power saving mode to be controlled by the ABLE 
algorithm is only one, but this number is increased to three. 
Furthermore, this algorithm also makes it possible to 
automatically make a transition to a power saving mode of a 
lower level (e.g., in a HDD equipped with a loading/unloading 
mode, a mode of unloading the read/write head). 

[0014] 

This algorithm is identical, in the timing to make a transition 
to another power saving mode, with the ABLE algorithrit, but 
differs from the ABLE algorithm in that it defines 3 kinds of 
functions, depending upon a pattern of command intervals (i.e., 
a case of receiving commands at constant intervals, a case that 
does not receive a command for a while after the first command 
has been received, a case of receiving commands at random 
intervals) and thereby makes a transition from an active mode 
to a power saving mode, or from a power saving mode to another 
mode, at timing as good as possible. 
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[0015] 

[Problems to be solved by the invention] 

However, in the prior art,_ calculating previously the electric 
energy dissipation that is expected to be saved in a transition 
to the power savinq mode has not been made. 

[0016] 

Therefore, in the prior art, the additionally required electric 
energy dissipation for a transition to a power saving mode or a 
return from the power saving mode and the electric energy 
dissipation for the delayed time of command response become 
greater than the e~ectric energy dissipation to be saved during 
the transition to the power saving mode, depending upon the 
command interval and the timing to ·make a transition to the 
power saving mode. consequently, there are cases where the 
object of saving power cannot be achieved. 

[0017] 

Also, the density of commands is calculated with the time, at 
which a command was received, as a reference. Therefore, in 
the case where the HDD takes time to process a command, it 
informs completion of the command late and accordingly-the host 
computer issues the next comm.and late. For this reason, 
although the non-operating time of the HDD is short (i.e., 
although the rate of operation ~s high), the apparent density 
of commands that are received from the host computer is 
reduced, and consequently, there is a possibility that a 
transition to the power saving mode will be made at improper 
timing. 

[0018] 

Accordingly, it is an object of the present invention to 
further reduce the power dissipation of a HOD. 
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[0019] 

Another object of the invention is to provide a method and a 
system that are capable of calculating the electric energy 
dissipation that is expected to be saved when a transition to 
the power saving mode is made. 

[0020] 

Still another object of the invention is to provide. a method 
and a system that calculate the density of commands that a HOD 
receives from .a host computer truly in accordance with the 
non-operating time of the HDD, while overcoming the 
above-mentioned _disadvantage that, although the non-operating 
time of the HDD is short, the apparent density of commands to 
be received from the host computer is reduced and therefore a 
transition to the power saving mode is made at improper timing. 

[0021] 

[Summary of the invention] 

According to the present invention, the electric energy 
dissipation additionally required for a transition to a power 
saving mode and a return from the power saving mode and the 
electric energy dissipation equivalent to the amount of a 
response delay time with respect to a comm.and are previously 
compared with the electric energy dissipation that is expected 
to be saved during a transition to the power saving mode. 

[0022] 

Also, according to the present invention, it is supposed that 
the next comm.and comes with the same time distribution as a 
time distribution of past command intervals to a HDD. The 
electric energy dissipation, which is expected to be saved when 
the HDD makes a transition to the power saving mode, is 
calculated at a plurality of timings. 
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[ 0023 l 

In addition, according to the .present invention, an average 

delay time for returning from the power.saving mode in order to 
execute the next command is calculated along with the electric 
energy dissipation that is expected to be saved. 

[0024] 

Furthermore, according to the present invention, within a range 
where the above-mentioned calculated average delay time is 

shorter than a time specified by a host computer, a transition 
to the power saving mode is made at timing that savable 
electric energy dissipation becomes greatest. 

[0025] 

Moreover, according to the present invention, the past command 
interval employed in calculations employs the time between 
completion of the execution of the previous command and 
reception of the next command, not the time between reception 
of the previous command and reception of the next command. 
Namely, the time when interface is not operated (idle state) is 
regarded as command interval. 

[0026] 

Finally, according to the present invention, the influence of 
the past command interval that is employed in calculations is 
reduced by half at intervals of a constant time so that the 
latest access pattern is reflected most significantly in t·he 
calculations. 

[0027] 

(Preferred embodiment] 

(l) Unit to Which the Present Invention Is Applied: 
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Figure 1 is a block diagram of a HDD to which the present 
invention is applied. A disk unit 100 is constructed of a 
controller section 110 and a disk section 130. The controller 
section 110 includes a host interface controller (HIC) 112 
connected to a host computer 1 O, a hard-disk controller ( HDC) 
114 connected to the HIC 112 to control the disk section, a 
channel 116 connected to the HDC 114 to control read and write 
signals, a microprocessor unit (MPU) 118 connected to the HIC 
112, HDC 114, and channel 116 to control them, and a random 
access memory (RAM) 120 connected to the MPU 118 to store 
microcodes that are executed by the MPU 118. The· disk section 
130 is equipped with a motor 134 that spins a spindle 132. 
Disks 136A and 136B are mounted on the spindle 132 so that they 
can rotate integrally with the spindle 132. Although two disks 
are shown, one disk, or 3 or more disks may be provided. 

[0028] 

Read/write heads l38A, 138B, 138C, and 1380 are respectively 
supported and arranged on the actuator arms 140A, 140B, 140C, 
and 140D so that they are opposed to the corresponding disk 
surfaces. The actuator arms 140A through 140D are attached to 
a voice coil motor (VCM) 144. via pivot shaft 142, and with the 
rotation, the read/write heads 138A through 138D are moved to 
desired radial positions on the disks, respectively. The motor 
134 and VCM 144 are connected to the HDC 114, and the number of 
rotations, speed, and the like can be controlled. The 
read/write heads 138A through 1380 are connected to the channel 
116, and read and write signals are controlled by the channel 
116. 

[0029] 

( 2) Calculations of the Electric Energy Dissipation That Is 
Expected to Be saved and the Delay Time of the Next Command: 

Figure 2 shows the transition of power dissipation between 
before and after a power saving mode. In the diagram, the 



; 

.. ; 

9 

horizontal axis represents time and the vertical axis 
represents power dissipation. Note that the diagram is 
simplified for explanation, and scales, waveforms, etc. are not 
accurate. First, if the execution of ~ comm.and is completed at 
time tu after determined time is elapsed the HOD -starts a 
transition from an active mode to a power saving mode at time 
t 2 , and performs an operation of unloading the read/write head 
from the disk. With the unloading operation, the HDD 
additionally dissipates more power than the active mode. The 
electric energy dissipation corresponding to an area indicated 
as an oblique~line portion (energy loss (EL) 1) results in the 
loss of power for making a transition from the active mode to 
the power saving mode. The HOD completes a transition to the 
power saving mode at . time t 3 and is in the power saving mode 
until it receives the next command at time t4. At this time, 
the HDD dissipates less power than the active mode, and the 
electric energy dissipation corresponding to an area indicated 
as a net-line portion (energy gain (EG)) results in the gain of 
power_ obtained by making a transition from the active mode to 
the power saving mode. At time t 4 , if the HOD receives the next 
command, the HDD performs an operation for returning to the 
active mode, such as an operation of loading the read/wri'te 
head stand-by onto the disk again,· in order to process the next 
command. At this time, the HOD dissipates more power than the 
active mode because of the return operation. In addition, 
during the return operation, the response to the command is 
delayed during the period, so that the electric energy 
dissipation corresponding to an area indicated as oblique-line 
portion EL2, which is the total power dissipation of the HOD 
during the delay time, results in the loss of power for 
returning from the power saving mode to the active mode. ·At 
time ts, the HDD completes the return operation and starts 
processing the command. 

[0030] 

The electric energy dissipation (TEG) saved by making a 
transition to the power saving mode instead of remaining in the 
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active mode is calculated by the following equation. 

[Equation l] 

TEG = EG - (ELl + EL2) (1) 

[0031] 

Here, ELl and EL2 are constant. Therefore, if the EG obtained 

by making a trans.ition to the power saving mode is less than 

ELl + EL2, the electric energy dissipation will become negative 

and therefore the HDD will dissipate more power than the case 

where no transition to the power saving. mode is made. 

Therefore, in order to increase the electric energy dissipation 

to be saved, it is necessary that the HDD be in the power 

saving mode for more than a predetermined time. 

[0032] 

Furthermore, referring to Figure 2, the electric energy 

dissipation to be saved is zero and the delay time is also 

zero, in the case where the HDD receives the next command at a 

. certain time within the period (indicated as A) before a 

transition to the power saving mode starts. 

[0033] 

Also, a mechanism for controlling the HDD is generally 

constructed so that the HDD completely enters the power saving 

mode and then returns from that mode. For this reason, in the 

case where the HDD receives the next command during • a 

transition to the power saving mode (i.e., during period B), 

the electric energy dissipation to be saved is calculated by 

the following equation. 

[Equation 2] 

TEG = - (ELl + EL2 + EL3) (2) 
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[0034] 

Therefore, the HDD dissipates more power than the case where no 
transition to the power saying mode is made. Here, EL3 is the 
time from reception of the next comm.and to completion of the 
transition to the power saving mode, multiplied by the power 
dissipation in the active mode. The delay time of a response 
to a command is the sum of the time from reception of the next 
comm.and to completion of a transition to the power saving mode 
and the time requ~red to return from the power saving mode 
shown by b in Figure 2. 

[0-035] 

Furthermore, after a transition to the power saving mode has 
been completed (i.e., during period C), in the case w~ere the 
HDD receives the next command, the electric energy dissipation 
to be saved as described above is calculated by the following 
equation. 

[Equation 3] 

TEG = EG - (ELl + EL2) (3) 

[0036] 

Therefore, the longer the time that the HOD is in the power 
saving mode, the more the savable power. However, in the case 
where the time in the power saving mode is short and EG is less 
than (ELl + EL2), more power is rather dissipated than in the 
case where there is no transition to the power saving mode. 
Also, the delay time in this case is only the time taken to 
return from the power saving mode shown in by b in Figure 2. 

[0037] 

From the foregoing, the relation between the ti.ming for 
receiving the next command, the electric energy dissipation 
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TEG, and the delay time is obtained as shown by a graph of 
Figure 3. Assuming that the timing (time t2 in Figure 2) at 

. which a transition to the power saving mode is started is zero, 
the timing before that is displayed as negative and the timing 
after that as positive. 

[0038] 

In Figure 3, within the period equivalent to the 
Figure 2 since the next command was received 
Equation ( 2) applied for savable electric energy 

period B of 
at time O, 
dissipation. 

At this time, with the lapse of time, EL3 decreases, while ELI 
and EL2 are constant. Thus, the savable electric energy 
dissipation at time O assumes the minimum value (in this case, 
a negative number). Thereafter, with the lapse of time, the 
value of the savable electric energy dissipation increases in a 
monotone. 

[0039] 

If the period equivalent to period B has elapsed, in the period 
equivalent to period c then Equation (3) applies for the 
savable electric energy dissipation. At this time, as time 
goes by, EG increases, while ELI and EL2 are constant. Thus, 
the savable electric energy dissipation increases monotonously. 
At time tC, the power gain EG, obtained by entering ttte power 
saving mode, is balanced by the electric energy dissipation 
required for a transition to the power saving mode and a return 
from that mode. Thus, the value of the savable electric energy 
dissipation becomes O. Thereafter, the savable electric energy 
dissipation goes to a positive value and increases 
monotonously. 

[0040] 

Therefore, if the HDD receives the next command between the 
timing at which a transition to the power saving mode starts 
and time ta, TEG will go to a negative value and therefore more 
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power will be rather dissipated than in the case where the HDD 
remains in the active mode. On the other hand., if the HDD 
receives the next command after time t.,, TEG will go to a 

_positive value ~nd therefore more power will be saved than in 
the case where the HDD remains in the active·mode •. 

[0041] 

In Figure 3, within the period equivalent to the period B of 
Figure 2 since the next command was received at time O, the 
delay time between reception of the command and start of the 
response is obtained as follows. That is, at time O, the sum 
of the times required for a transition to the power saving mode 
and a return from that mode is (a + b). Thus, the delay time 
becomes maximum as the next command is received immediately 
after start of the transition. Thereafter, as the transition 
to the power saving mode advances, the remaining ·time of the 
time required for the transition decreases, and the delay time 
decreases in a monotone. If the period equivalent to period B 
has elapsed, the delay time is only the time .b required for a 
return to the active mode. Thus, at this time, the d~lay time 
becomes minimum. 

[0042] 

In Figures 4, 5, and 6, when there are four power saving modes, 
changes in TEG (indicated as "Energy Gain" in the figures) and 
a delay time (indicated as "Response Loss" in the figures) are 
shown. In these figures, the IDLE mode means a mode in which 
no reading and writing of data with respect to the disk by the 
read/write head are performed and only a track following 
operation by reading of a servo signal on the disk is 
performed. The IDLE2 mode means a mode in which no track 
following operation by reading of a servo signal is performed 
and no power is supplied to the channel. The IDLE3 mode means 
a mode in which in a HDD with a loading/unloading mechanism, 
resistance to a motor is reduced by further unloading the 
read/write head from the disk to evacuate it to a ramp outside 
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the disk. The STANDBY mode means a· mode in which rotation of 

the motor is stopped. Therefore, as the HDD makes a transition 

in order of IDLE mode, IDLE2 mode, IDLE3 mode, and STANDBY 

mode, the power dissipation is reduced. 

(0043] 

Figure 4 shows the relation between the command interval, the 

savable electric energy dissipation, and the delay time, when 

the HDD makes a transition from the IDLE mode to the IDLE2 

mode. In the transition between both modes, the electrical 

switching operation of reading a servo signal and the 

microscopic mechanical motion of the read/write head: by the 

track following operation are only performed. Thus, the power 

dissipation by the mode transition is relatively low and the 

delay time is also relatively small. 

(0044] 

Figure 5 shows th~ relation between the comm.and interval, TEG, 

and the delay time, when the HDD makes a transition from the 

IDLE2 mode to the IDLE3 mode. In the transition between both 

modes, the mechanical operation of unloading the read/write 

head from the disk to evacuate it to the ramp is performed. 

Thus, the power dissipation by the mode transition is 

relatively high and the delay time is also relatively great. 

(0045] 

Figure 6 shows the relation between the comm.and interval, TEG, 

and the delay time, when the HDD makes a transition from t'he 

IDLE3 mode to the STANDB! mode. In the transition between both 

modes, the operation of stopping or starting the motor is 

performed. Since such an operation requires a constant time, 

the power dissipation by the mode transition is relatively high 

and the delay time is.also relatively great. 
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[0046] 

In the foregoing, while a description has been made with 
reference to the savable electric energy dissipation TEG in the 
period that a command is next received· and the delay time of 
the command response, in the actual operation of the HOD it is 
considered that the most power dissipation as a whole can be 
saved, by predicting when the next command comes and then 
determining the time at which a transition to the power saving 
mode is started, in accordance with the timing. · Also, it is 
necessary that the delay time at this time be in an allowable 
range. 

[0047] 

Here, the prediction of when the next command comes is assumed 
based on information about the past command intervals. In this 
case, it is considered that the next command interval can be 
predicted more accurately in a method of adopting a 
distribution of the past command intervals as the next command 
interval than in a method of adopting a mere average of the 
past command intervals as the next command interval. 

(0048] 

Hence, a plurality of times until the start of a transition to 
the power saving mode are selected. For each of the· plurality 
of times, the graphs of Figures 4 through 6 are weighted by a 
command interval distribution, thereby calculating the electric 
energy dissipation to be saved and the delay time of a response 
to the next command. In this manner, the relation between the 
time until the start of a transition to the power saving mode, 
the electric energy dissipation to be saved, and the delay time 
of a response to the next command can be known. 

[0049] 

With this relation, the time until the start of a transition, 
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at which the electric energy dissipation to be saved becomes 
maximum and the delay time becomes sufficiently small, can be 
determined. 

[0050] 

Concrete examples will hereinafter be shown in Figures 7 
through 22. 

[0051] 

Figure 7 shows a command interval distribution when a boot 
program in a certain operating system (OS) is executed. 
Figures 8 through 10 show the changes in TEG and a delay rate 
in the case where this distribution is applied to a transition 
to each power saving mode. 

[0052] 

Figure 8 shows the relation between a time until the start of a 
transition to the IDLE2 mode, savable power dissipation, and a 
delay rate, when weighting is performed by applying the command 
interval distribution of Figure 7 as the time until the start 
of a transition to the IDLE2 mode in Figure 4. In the graphs 
of Figure 8 and the figures thereafter, the horizontal axis 
represents the time (displayed as "Transition Delay") ·"·between 
the end of the previous command and the start of a transition 
to the power saving mode (in this case, IDLE2 mode). The saved 
electric energy dissipation and the delay time are both divided 
by the time elapsed and are indicated as the saved power 
dissipation (displayed as "Power Gain") and the delay rate 
(displayed. as "Response Loss), respectively. From the graph of 
Figure 8 it follows that the saved power dissipation becomes 
greatest when a transition to the IDLE2 mode is started after 
about 100 ms since the previous command was completed. It also 
follows that the delay time is also sufficiently small after 
about 100 ms. Therefore, it is supposed that it is optimum to 
make a transition to the power saving mode after about 100 ms 
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elapses since the previous command was completed. 

[0053] 

Figure 9, as with Figure 8, shows the relation between a time 
until the start of a transition to the IDLE3 mode, savable 
power dissipation, and a delay rate, when weighting is 
performed by applying the command interval distribution of 
Figure 7 as the time until the start of a transition to the 
IDLE3 mode in Figure 5. From the graph of Figure 9 it follows 
that there is no effect of saving power until about 6000 ms 
elapses since the previous command was completed. Therefore, 
at this time, it is supposed that it is good not to make a 
transition to the ·IDLE3 mode. 

[0054] 

Figure 10, as with Figure 8, shows the relation between a time 
until the start of a transition to the STANDBY mode, savable 
power dissipation, and a delay rate, when weighting is 
performed by applying. the command interval distribution of 
Figure. 7 as the time until the start of a transition to the 
STANDBY mode in Figure 6. ·From the graph of Figure 10 it 
follows that there is no ef°fect of saving power until about 
6000 ms elapses since the previous command was completed. 
Therefore, at this time, it is supposed that it is gooa not to 
make a transition to the STANDBY mode. 

[0055] 

Figures 11 through 14 show a command interval distribution wfien 
one of the benchmark programs for comparing used battery hours 
is executed (Figure 11) and show changes in TEG and a delay 
time in the case where this distribution is applied to a 
transition to each power saving mode (Figures 12 through 14). 
In Figure 12 it is understood that the saved power dissipation 
becomes greatest when a transition to the IDLE2 mode is started 
after about 100 ms since the previous command was completed. 
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It is also understood that the delay time has become 
sufficiently small after about ioo ms. In Figure 13 it is 

understood that there is no effect of saving power until about 
1500 ms elapses since ·the previous command was completed. On 
the other hand, it is understood that the delay time has become 
sufficiently small after about 2000 ms. In Figure 14 it is 

understood that there is no effect of saving power until about 
2000 ms elapses since the previous command was completed. On 
the other hand, it_is understood that the delay time has become 

negligibly small after about 16000 ms. 

[0056] 

Figures 15 through 18 show a command interval distribution when 
one of the benchmark programs for comparing the execution 
perfo·rmances of business application programs is executed 
(Figure 15) and show changes ·in TEG and a delay time in the 
case where this distribution is applied to a transition to each 
power saving mode (Figures 16 through 18). In Figure 16 it is 
understood that the saved power dissipation becomes greatest 
when a transition to the IDLE2 mode is started after about 200 

ms since the previous command was completed. It is al:so 
understood that the delay time has become sufficiently small 
after about 200 ms. In Figure 17 it is understood that there 
is no effect of saving power until about 2000 ms elapses since 
the previous command was completed. on the other hand, it is 
understood that the delay time has become sufficiently small 
after about 2000 ms. In Figure 18 it is understood that there 
is no effect of saving power until about 3000 ms elapses since 
the previous command was completed. on the other hand, it is 
understood that the delay time ·has become negligibly small 
after about 3000 ms. 

[0057] 

Figures 19 through 22 show a command interval distribution when 

another benchmark program for comparing the execution 
performances of business application programs is executed 
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(Figure 19) and show changes in TEG and a delay time in the 

case where this distribution is applied to a transition to each 

power saving mode (Figures 20 through 22). In Figure 20 it is 

understood that the saved power dissipation becomes greatest 

when a transition to the IDLE2 mode is started after about 1000 

ms since the previous command was completed. It is also 

understood that the delay time has become negligibly small 

through this period. In Figure 21 it is understood that the 

saved power dissipation becomes greatest when a transition to 

the IDLE3 mode is started between completion of the previous 

command and about 12000 ms. on the other hand, it is also 

understood that the delay time has become negligibly small 

through this period. In Figure 22 it is understood ·that the 

saved power dissipation becomes greatest when a transition to 

the IDLE3 mode is started between completion of the previous 

command and about 4000 ms·-. On the other hand, it is also 

understood that the delay time has become sufficiently small 

through this period. 

[0058] 

(3) Dynamic Control: 

The foregoing description has analyzed which timing is 

effective in making a transition to the power saving mode, 

based on the past access pattern. Assuming the next command is 

received with the same distribution as the time distribution of 

the command intervals of the past access pattern, the analyzed 

effective timing also becomes effective to commands that will 

be received. The present invention determines timing at which 

a transition to the power saving mode is made, based on the 

past access pattern. 

[0059] 

To simplify calculations and reduce the data amount of the past 

command intervals that must be held, in the embodiment of the 

present invention the command intervals are divided among a 
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plurality of time regions. At respective time regions, the 
data about the number of command intervals and an average time 
of the time region are held. In this manner, the total saved 
electric energy can be approximated by adding a saved electric 
energy dissipation calculated from the average time· of each 
time region multiplied by the number of command intervals for 
all the time regions. The · same also applies for the total 
delay time. 

[0060] 

Also, in the case where the minimum time (i.e., 100 ms, et~.) 
until a transition to the power saving mode has been 
determined, at the shorter command interval than that time a 
transition to the power saving mode is not made. Thus, the 
saved electric energy dissipation and delay time with respect 
to that command interval are both zero. That is, since there 
is no meaning of using them in calculations, there is no need 
to hold them as data and therefore the amount of data that must 
be held can be saved by that amount. 

[0061] 

(4) Command Interval: 

For the past command interval that is employed in calculations, 
suppose that the time between completion of the previous 
command and reception of the next command, i.e. , the time 
during which an interface is in an idle state is a command 
interval. The reason is for accurately judging when the host 
computer sends the next command. Conventionally, the t.fm.e 
between reception of the previous command and reception of the 
next command is a command interval, but in this method the time 
required for the HDD to process a command is also included in 
the command interval. That is, both the time during which the 
host computer does not send a command intentionally and the 
time during which the HDD processes a command and waits for the 
next command are processed without discrimination. Therefore, 
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the conventional method is unsuitable as a material for judging 
when the host computer·sends the next command. 

[0062] 

( 5) Magnitude of the Influence on Calculations of the Past 
Command Interval: 

It is predicted that the time between completion of the 
previous command and reception of the next command follows a 

time distribution of relatively near past command intervals. 
Therefore, if the latest command interval distribution has the 
greatest influence on calculations and the old command interval 
distribution does not influence calculations relatively, a 
desirable effect will be obtained. For this reason, the 
influence of the past command interval on calculations is 
reduced by half at intervals of a constant time. In the 
embodiment of the present invention, reducing the influence by 
half is achieved by reducing the number of command intervals in 
each time region by half at intervals of a constant ti.me. 

[0063] 

(6) Handling of a Plurality of Power saving Modes: 

Ev.en in the case where there are a plurality of power saving 
modes, they can easily be handled by calculating additional 
saved power dissipation and a delay time in the same way as the 
aforementioned, when a transition is made from a shallow power 
saving mode to a deep power saving mode. 

[0064] 

(7) Actual Method of Operation: 

Figures 23 through 32 show actual methods of operation. These 
methods are normally realized as microcodes for a HDD. 



··: 

22 

[0065] 

Figure 23 is a flowchart showing a method for calculating a 
command interval distribution such as those shown in Figures 7, 
11, 15, and 19. In step 2310 an initialization program _is 
started, and in the following ~tep 2312, time regions for 
comm.and intervals ··are set. In this . example, let the number of 
time regions for command intervals be NUM_POINT. Let the first 
time region be hist_min_time[ O] a_nd the time interval is set to 
a time more than 100. Let the second time region be 
hist_min_time[ 1] and the time interval is set to a time more 
than 200. Let the third time region be hist_min_time[2] and 
the time interval is set to a time more than 3 00. Let the 
NUM_POINT-th time region be hist_min_time[NUM_POINT-1] and the 
time interval is set to a time more than 31500. Let the 
(NUM_POINT + 1 )st time region be hist_min_t~e[NUM_POINT] and 
the time interval is set to a time more than 60000. Note that 
the display of a time here is a relative value and is therefore 
not limited to a value directly displayed in a concrete unit 
such as a microsecond. Also, it is preferable that the time 
intervals be divided in a logarithmic manner, as in this 
example. 

[0066] 

After step 2312, the process adv:ances to step 231•C and an 
initial value of i is set to o. In the following step 2316, 
hist_total_time[i], which is the total number of the time 
intervals of commands in the time region, is initialized to O, 
and hist_numcmd[i], which is the total number of comm.ands in 
the time region, is initialized to 0. In the following step 
2318, the value of i is increased by 1. In the following step 
2320, if the value of i is less than NUM_POINT, the process 
returns to step 2316 again and steps 2316 through 2320 are 
repeated until the value of i becomes greater than NUM_POINT. 
That is, in steps 2314 through 2320, hist_total_time[i] and 
hist_numcmd( i] are initialized to O for all i's between o and 
NUM_POINT. In step 2320, if the value of i is greater than 
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NUM_POINT, the process advances to step 2322 and the total time 
of all the command intervals (total_time) is initialized to O. 
In step 2324 the initiali.zation program ends. 

[0067] 

Figure 24 is a flowchart showing the operation in the case 
where the HDD receives a command when operated. In step 2410 a 
program for interrupting a power saving mode by a command is 
started. In the following step 2412, a subroutine for 
receiving a command, shown in Figure 25, is executed. If the 
HDD, which has . completed t·he command receiving subroutine, 
receives the command from the host computer, in-step 2414 it is 
judged whether or not the HDD is presently in the power saving 
mode. If the HDD is in the power saving mode, the process 
advances to step 2416, in ~hich the HDD returns from the power 
saving mode to the active mode. Then, the process advances to 
step 2418. On the other hand, in step 2414, if the HDD is not 
presently in the power saving mode, the process advances to 
step 2418. In step 2418 the command is processed. In step 
2420, a subroutine for completing a command, shown in Figure 
26, is executed. After completion of the command, in step 24"22 
the program for interrupting a power saving mode by a command 
is ended. 

[0068] 

Figure 25 is a flowchart describing in detail the command 
receiving subroutine shown in step 2412 of Figure 24. In step 
2510, if the command receiving subroutine is started, in step 
2512 the completion time (comp_time) of a command completed 
just before is subtracted from the incorporated timer of the 
MPU in the HDD. Let the difference be a command interval 
(interval). In step 2514, the command interval (interval) is 
added to the total time• Let the sum be total time. In the 
following step 2516, i is initialized to O. In the following 
step 2518 it is judged whether or not the command interval 
(interval) is less than the ith time region (hist_min_time[i]). 
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When it is judged that the command interval (interval) is less 
than the ith time region (hist_min_time(i]), the process 
advances to step 2524. On the other hand, in step 2518, when 
it is judged that the comniand interval (interval) is not less 
than the ith time region (hist_min_time(i]), in step 2520 the 
value of i is increased· by 1. In step 2522 it is judged 
whether or not the value of i is less than the number of time 
regions for command intervals (NUM_POINT). When the value of i 
is less than the number of time re.gions for~ command intervals 
(NUM_POINT), the process returns to step 2518 again, in which 
it is judged whether or not the command interval belongs to the 
second smallest time interval. On the other hand, in step 
2522, when the value of i is not less than the number· of time 
regions for command intervals (NUM_POINT), i.e., when the value 
of i is greater than the number of time regio:p.s for command 
intervals (NUM_POINT) ,. the process advances to step 2524. In 
step 2524 it is judged whether or not the value of i equals O. 

When the value of i equals O, i.e., when in step 2518 the 
command interval (interval) is less than the ith time region 
(hist_min_time[i]), it means that the command interval is 
shorter than the minimum time until a transition to a power 
saving mode. As described above, there is no need to· ho'ld 
data, so the process advances to step 2528 and ends the 
subroutine. On the other hand, in step 2524, when the value of 
i does not equal O, i.e., when the command interval (interval) 

belongs to the ith (where i :f::. 1) time _,.,, region 
(hist_min_time[i-1]), the process advances to step 2526 and 
increases the total number of commands in the ith time region 
(hist_numcmd[i-1]) by 1. Furthermore, the total number of the 
time intervals of commands in the ith time region 
(hist_total_time[i-1]) is added with the corresponding command 
interval (interval). Let the sum be hist_total_time[i-1]. In 
the following step 2528, the subroutine ends. 

[0069] 

Figure 26 is a flowchart describing in detail the command 
completing subroutine shown in step 2420 of Figure 24. In step 
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2610, if the command completing subroutine is started, in step 
2612 the value of the incorporated timer of the MPU in the HOD 
at that point is set to the completion time of a command 
(comp_time). In the following step 2614 it is judged whether 

·or not the total time (total_time) is greater than or equal to 
a value of MAX_TIME ~· The MAX TIME here is a value twice the 
constant time described in (5), i.e., a value twice the 
interval during which the influence of the past command access 
is reduced. In step 2614, when the total time (total_time) is 
greater than or equal to a value of MAX_TIME, the process 
advances to st~p 2616. In step 2616 a subroutine for reducing 
the influence of the past. command access, which will be 
described later in Figure 31, is executed and the· process 
returns to step 2-614 again. On the other hand, in step 2614, 
when the total time (total_time) is less than a value ·of 
MAX_TIME, the process advances to step 2618. In step 2618 it 
is judged whether or not the command interval (interval) is 
greater than or equal to a value of the first time region 
(hist_min_time[O]). When the command interval (interval) is 
greater than or equal to a value of the first time region 
(hist_min_time[O]), the process advances to step 2620. In step 
2620 a subroutine for determining when ~o enter the power 
saving mode next, which will ·be descri~ed later in Figure 27, 
is executed. In step 2622 the subroutine ends. on the other 
hand, when the command interval (interval) is less than a value 
of the first time region (hist_min_time[O]), it means that the 
command interval is shorter than the minimum time until a 
transition to a power saving mode. As described above, there 
is no need to hold data, so the process advances to step 2622 
and ends the subroutine. 

[0070] 

Figures 27 and 28 are flowcharts describing in detail the 
subroutine that determines when to enter the power saving mode 
next, shown in step 2620 of Figure 26. In step 2710, if the 
subroutine for determining when to enter the power saving mode 
next is started, in step 2712 the value of i is initialized to 
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o. In the· following step 2714 it is judged whether or not the 
total number of commands· in the (i + l)st time region 
(hist_numcmd[i]) equals o. When the value of i equals O, i.e., 
when the total number of commands in the (i + l)st time region 
(hist_numcmd[i]) is o, the process advances to step 2718. On 
the other hand, in step 2714, if hist_numcmd[i] is not equal to 
O, the process advances to step 2716. In step 2716, the total 
number of the time intervals of commands in the (i + l)st time 
region (hist_total_time(i]) is divided. by the total number of 
commands_ in the (i + l)st time region (hist_numcmd[i]). Let 
the quotient be hist_ave_time( i]. Therefore, hist_ave_time[il 
represents an average comm~nd time interval per command in the 
(i + l)st time region. If the process ends step "2716, it 
advances to step 2 718. In step 2 718 the value of i is 
increased by 1. · In the following step 2720 it is judged 
whether or not the value of i is less than the number of time 
regions for command intervals (NUM_POINT). When the value of i 
is less than the number of time regions for command intervals 
(NUM_POINT), the process returns to step 2714 again. until the 
value of i becomes greater than the number of time regions for 
command intervals (NUM_POINT), steps 2714 through 2720 are 
repeated. On the other hand, in step 2720, when the value of i 
is not less than the number of time regions for command 
intervals (NUM_POINT), i.e., when the value of i is greater 
than the number of time regions for command intervals 
(NUM_POINT), the process advances to A, which is contiii"U.ed by A 
in Figure 28. 

[0071] 

The process advances from A of Figure 28 to step 2722, in which 
the value of i is initialized to O. In the following step 2724 
the value of the first time region (hist_total_time(i]) is 
stored· in a variable (delay). Also, a value of 
energy_gain_sum, which is savable total energy (electric energy 
dissipation), and a value of resp_loss_sum, which is the total 
response delay with respect to commands, are initialized to O, 
respectively. In the following step 2726 the value of j is 
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initialized to o. In step 2728 it is· judged whether or not the 
·total number of commands in . the ( j + 1 ) st time region 
(hist_num.cmd[j]) equals O. When the value of hist_numcmd[j] 
equals o, i.e., when the total number of commands in the (j + 
l)st time region is O, the process advances to step 2736. In 
step 2736 the value of j is increased by 1.· on the other hand, 
in step 2728, if hist_numcmd[j] is not equal to o, the process 
advances to step 2730. In step 2730, let an average command 
time interval per command in the ( j + 1) st time region be 
ave interval. In the following step 2732, a subroutine for 
calculating saved energy, which will be described later in 
Figure 29, is executed. In step 2734, energy_gain is added to 
savable total energy (energy_gain_sum) and resp_loss is added 
to the total response delay with respect to commands 
(resp_loss_sum». Thereafter, the process advances to step 2736 
and the value of j is increased by 1. . In the following step 
2738 it is judged whether or not the value of j is less ·than 
the number of time regions for command intervals (NUM_POINT). 
When the value of j is ~ess than NUM_POINT, the process returns 
to step·2728 again. Until the value of j becomes greater than 
NUM_POINT, steps 2728 through 2738 are .repeated. on the other 
hand, in step 2738, when the value of j is greater than the 
number of time regions for command intervals (NUM_POINT), the 
process advances to step 2740. In step 2740, energy_gain_sum 
and resp_loss_sum. are respectively divided by total_sum. With 
this, the savable power dissipation (power_gain[i]) ··'and the 
response delay ratio (resp_loss_ratio[i]) are calculated. In 
the following step 2742 .the value of i is increased by 1. In 
the following ·step 2744 it is judged whether or not the value 
of i is less than the number of time regions 
intervals (NUM_POINT). When the value of i is 
NUM_POINT, the process returns to step 2724 again. 

for command 
less tlian 
Until the 

value of i becomes greater than NUM_POINT, steps 2724 through 
2744 are repeated. On the other hand, in step 2744, when the 
value of i is greater than the number of time regions for 
command intervals (NUM_POINT), the process advances to step 
2746. In step 2746, a subroutine for predicting the time that 
saved energy becomes maximum is executed. Thereafter, the 
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process advances to step 2748 and ends the subroutine. 

[0072] 

Figure 29 is a flowchart describing in detail the subroutine 

that computes saved energy, shown in step 2732 of Figure 28. 

In step 2 91 O, if t·he subroutine for calculating saved energy is 

started, in step 2912 it is judged whether or not the value of 

the ave_interval determined in step 2730 o~ Figure 28 is less 

than the value of the delay determined in step 2724 of Figure 

28. When the value of the ave interval is less than the value 

of the delay, an average command time interval per comm.and is 

shorter than the time until a transition to a power saving 

mode. Thus, this case corresponds to the fact that in interval 

A in Figure 2, the next command comes, and has no influence on 

the savable total energy (energy_gain_sum) and the total 

response delay with respect to commands (resp_loss_sum). 

Therefore, in this case, the process advances to step 2914, 

sets the values of energy_gain and resp_loss to o, and ends the 

subroutine at step 2922. On the other hand, in step 2912, when 

the value of ave_.interval is not less than the value of delay, 

this case corresponds to th~ fact that in interval B or c 'in 

Figure 2, the next command comes. The process advances to step 

2916. In step 2916 it is judged whether or not the value of 

ave_interval is less than the sum of the value of delay and 

TRANS_TIME that is the time required to enter a power saving 

mode. When the value ~f ave _interval is less . than delay + 
TRANS_TIME, this case corresponds to the fact that in interval 

B in Figure 2, the next command comes. The process advances to 

step 2918. In step 2918, energy_~ain and resp_loss, as 

described in Figure 2, are calculated with the following 

equations. 

[Equation 4] 

energy_gain = TRANS ENERGY ((delay + TRANS_TIME) 

ave_interval) *BASE_POWER ( 4) 
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[Equation 5] 

resp_lo~s = EXIT_TIME + TRANS TIME (ave_interval - delay) (5) 

[0073] 

In Equation (4), TRANS_ENERGY is the sum of the energy required 
for the HDD to enter a power saving mode and return from that 
mode, and is equivalent to ELl + EL2 in Figure 2. Also, 

BASE_POWER is the power dissipation of the HDD in an idle mode. 
Therefore, the second term on the right-hand side of Equation 
(4), (delay + TRANS_TIME) ave_interval)*BASE_POWER, is 
equivalent to EL3 of Equation (2). 

[0074] 

Also, in Equation ( 5) , EXIT TIME is the time required for the 
HDD to return from a power saving mode and is equivalent to the 
time b in Figure 2. TRANS_TIME is the time required for the 
HDD to enter a power saving mode and is equivalent to the time 
a in Figure 2. 

[0075] 

After ending step 2918, the process advances to step 2922 and 
ends the subroutine. 

[0076] 

On the other hand, in step 2916, when the value of ave_interval 
is not less than delay + TRANS_TIME, this case corresponds •to 
the fact that in interval c in Figure 2, the next command 

comes. The process advances to step 2920. In step 2920, 
enerqy_gain and resp_loss, as described in Figure 2, are 
calculated with the following equations. 
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[Equation 6] 

energy_gain = (ave_interval - (delay + TRANS_TIME)*DELTA_POWER 

- TRANS ENERGY (6) 

[Equation 7] 

resp_loss = EXIT TIME (7) 

[0077] 

is the difference between the power 
HDD in an idle mode and the power 

in a power saving mode. Therefore, the 
right_;hand side of Equation ( 6) , 

+ TRANS_TIME)*DELTA_POWER, is equivalent 

Here, DELTA POWER 
dissipation of the 
dissipation of the HDD 
first term on the 
(ave_interval - (delay 
to EG of Equation (3). 

[0078] 

After ending step 2920, the process advances to step 2922 and 
ends the subroutine. 

[0079] 

Figure 30 is a flowchart describing in detail the subroutine 
that predicts the time that saved energy becomes maximum, shown 
in step 2746 of Figure 28. In step 3010, if the subroutine for 
predicting the time that saved energy becomes maximum is 
started, in step 3012 max_power_gain which is the maximum saved 
electric energy is initialized to O and max_power_num ·is 
initialized to NUM POINT. In the following step 3014, the 
value of i is initialized to O and the process advances to step 
3016. In step 3016 it is judged whether or not the value of 
the response delay ratio·(resp_loss_ratio[i]) is less than that 
of an allowable maximum average delay time 
(RESP_LOSS_CRITERIA). When the value of resp_loss_ratio[i] is 
less than that of RESP_LOSS_CRITERIA, a response delay is 
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within an allowable range and the process further advances step 
3018. In step 3018 it is j~dged whether or not power_gain[i] 
is greater that max_power_gain. On the other hand, when the 
value of resp_loss_ratio[i] is not less than that of 
RESP_LOSS_CRITERIA, a response delay is not within an allowable 
range and the process advances step·3022. In step 3018, when 
power_gain[i) is · greater that max_power_gain, the process 
advances to step 3020. · In step 3020, the value of 
max_power_gain is updated to the value of power_gain[ i], and 
the value of max_power_num is also updated to the value of i at 
that time. Thereafter, the process advances to step 3022. On 
the other hand, in step 3018, when power_gain[i] is not greater 
that max_power_gain, the values of max_power_gain and 
max_power_num are not updated and the process advances to step 
3022. In step 3022, the value of i is increased by 1. In the 
following step 3024 it is judged whether or not the value of i 
is less than NUM POINT. When the value of i is less than 
NUM_POINT, the process returns to step· 3016 again. until the 
vaiue of i becomes greater than NUM_POINT, steps 3016 through 
3024 are repeated. On the other hand, in step 3024, when the 
value o_f i is greater than NUM_POINT, in step 3026 the time 
until a transition to the next command {next_delay) is set ·to 
hist_min_time[max_power_num]. Thereafter, the process advances 
to step 3028 and ends the subroutine. 

[0080] 

Figure 31 is a flowchart describing in detail the subroutine 
that reduces the influence of the past command access, shown in 
step 2616 of Figure 26. In step 3110, if the subroutine for 
reducing the influence of the past command access is started, 
in step 3112 the value of i is initialized to o. In the 
following step 3114, the total number of the time intervals of 
commands in the (i + l)st time region (hist_total_time[i]) is 
divided by 2. Let the quotient be hist_total_time[ i]. The 
total number of commands in the (i + l)st time region 
(hist_numcmd[i]) is divided by 2. Let the quotient be 
hist_numcmd[i]. In the following step 3116, the value of i is 
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increased by 1. In the following step 3118 it is judged 

whether or not the value of i is less than NUM POINT. When the 

value of i. is less· than NUM POINT, the process returns to step 

3114 again. until the value of i becomes greater than. 

NUM_POINT, steps ~114 through 3118 are repeated. On·the other 

hand, in step 3118, when the value o-f i is greater than 

NUM_POINT, the process advances to step 3120. In step 3120, 

total_ time is divided by 2. Let the .quotient be total_ time. 

Thereafter, the process advances to step 3122 and ends the 

subroutine. 

[0081] 

Figure 32 is a flowchart showing a timer· interruption operation 

for making a transition to a power saving mode. In step 3210, 

if a timer interruptJ.on program for making a tr.ansition to a 

power saving mode is started, in step- 3212 it is judged whether 

or not the HDD is presen:tly processing a command. If it is 

processing a command, the program advances to step 3222 and 

ends. If it is not processing a command, .the program advances 

to step 3214. In step 3214 it is judged whether or not the HDD 

has presently entered a power saving mode. If it has alreaay 

entered a power saving mode, the program advances to step 3222 

and ends. If it has not entered a power saving mode yet, the 

program advances to step 3216. In step 3216, the completion 

time (comp_time) of a command completed just before is 

subtracted from the incorporated timer of the MPU in the HDD. 

Let the difference be elapsed_time. Next, the process advances 

to step 3218, in which it is judged whether or not the value of 

elapsed_time is greater than the time until a transition to the 

next power saving mode (next_delay). When the value of 
elapsed_time is greater than the time until a ~ransition to the 

next power saving mode (next_delay), the program advances to 

step 3220. The HDD enters the power saving mode and the 

program ends at step 3222. on the other end, in step 3218, 

when the value of elapsed_time is not greater than the time 

until a transition to the next power s·aving mode (next_delay), 

the program advances to step 3222 and ends. 
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[0082] 

(8) Experimental Results of the Embodiment: 

Tables _ 1 and 2 show experimental results enploying an actual 
HDD. Table 1 shows average power dissipations when the HDD 

executes one of '·'the benchmark programs for comparing used 
battery hours, for a case without saving power (No Power Save), 
a case of employing ABLE2 algorithm, and a case of employing a 
new algorithm of the present invention, respectively. In Table 
1, the microcode controls three power saving modes, employing 
the ABLE2 algorithm. Even in the new algorithm, three power 
saving modes are employed. The ABLE Mode in Table 1 is a 
parameter for controlling the deepest power saving mode that 
allows a transition. If this number is less, a power saving 
mode of a deeper level will be allowed. Also, Table 2 shows 
scores (the higher, the better) when the HDD executes one of 

the benchmark programs for measuring HOD throughput, for the 
same casfus as Table 1. 

[Table l] 

Algorithm 

No Power Save 

ABLE 2 

New Algorithm 

ABLE 

Mode 

N/A 

192 

128 

1 

192 

Average 

Power 

1796 mW 

913 mW 

834 mW 

705 mW 

895 mW 

Ratio 

(vs ABLE2) 

N/A 

100.0% 

100.0% 

100.0% 

98.0% 
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128 806 mW 96.6% 

1 642 mW 91.1% 

[Table 2] 

Algorithm ABLE Business Ratio High End Ratio 

Mode (vs No PS) (vs No PS) 

~~~~--------------------------------------

No Power save N/A 771 100.0% 1,790 100.0% 

ABLE 2 192 754 97.8% 1,7?0 98.9% 

128 756 98.1% 1,770 98.9% 

1 756 98.1% 1,780 99.4% 

New Algorithm 192 771 100.0% 1,770 98. 9% . 

128 771 100.0% 1,790 100.0% 

1 764 99.1% 1,780 

[0083] . 

From the foregoing, it follows that for the average power 

dissipation in Table 1, the new algorithm according to the 

present invention is about 9% less in the case of employing the 

deepest power saving mode than the ABLE2 algorithm. 

[0084] 

Also, for the scores in Table 2, the new algorithm is about 1% 

better than the ABLE2 algorithm and nearly equals the case of 
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performing no power savings. 

[0085] 

[Advantages of the invention] 

According to the present invention, the power dissipation of a 
HDD can be further reduced. 

[0086] 

In addition, ~ccording to the present invention, a method and a 
system, capable of calculating the electric energy dissipation 
that is expected to be saved when a transition to a power 
saving mode is made, can be provided. 

[0087] 

Furthermore, the present invention can provide a method ·and a 
system that calculate the density of commands that a HDD 
receives from a host computer truly in accordance with the 
non-operating time of the HDD, while overcoming the 
above-mentioned disadvantage that, al though the non-operating 
time of the HDD is short,· the apparent density of commands 
received from the host computer is reduced and therefore a 
transition to a power saving mode is made at improper·tfining. 

4. Brief Description of the Drawings: 

Figure 1 is a block diagram of a HDD to which the present 
invention is applied; 

Figure 2 is a diagram showing the transition of power 
dissipation between before and after a power saving mode; 

Figure 3 is a diagram showing the relation between timing for 
receiving the next command, electric energy dissipation TEG, 
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and a delay· time; 

Figure 4 is a diagram showing the relation between a command 
interval, savable electric energy dissipation, and a delay 
~ime, when the HDD makes a transition from an IDLE mode to an 
IDLE2 mode; 

Figure 5 is a diagram showing the relation between a command 
interval, savable electric energy dissipation, and a delay 
time, when the HDD makes a transition from the IDLE2 mode to an 
IDLE3 mode; 

Figure 6 is a diagram showing. the relation between a command 
interval, savable electric energy dissipation, and a delay 
time-, when the HDD makes a transition from the IDLE3 mode to a 
STANDBY mode; 

Figure 7 is a diagram showing a command interval distribution 
when a boot program in a certain operating system is executed; 

Figure 8 is a diagram showing the relation between a time until 
the IDLE2 mode, savable .electric 
delay time, when weighting is 

command interval distribution of 
the start of a transition to the 

the start of a transition to 
energy dissipation, and a 
performed by applying the 
Figure 7 as the time until 
IDLE2 mode in Figure 4; 

Figure 9 is a diagram showing the relation between a time until 
the start of a transition to the IDLE3 mode, savable electric 
energy dissipation, and a delay time, when weighting is 
performed by applying the command interval distribution ·of 
Figure 7 as the time until the start of a transition to the 
IDLE3 mode in Figure 5; 

Figure 10 is a diagram showing the relation between a time 
until the start of a transition to the STANDBY mode, savable 
electric energy dissipation, and a delay time, when weighting 
is performed by applying the command interval distribution of 
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Figure 7 as the time until the start of a transition to the 
STANDBY mode in Figure 6; 

Figure 11 is a diagr~m showing a command interval distribution 
when one of the benchmark programs for comparing used battery 
hours is executed; 

Figure 12 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 13 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 14 is a diagram showing savable power dissipation and a 
delay rate.in the.case where this distribution is applied to a 
transition to each power saving mode; 

Figure 15 is a diagram showing a command interval distribution 
when one of the benchmark programs for comparing the execution 
performances of business application programs is executed; 

Figure 16 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 17 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 18 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 19 is a diagram showing a command interval distribution 
when another benchmark program for comparing used battery hours 
is executed; 
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Figure 20 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 21 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 22 is a diagram showing savable power dissipation and a 
delay rate in the case where this distribution is applied to a 
transition to each power saving mode; 

Figure 23 is a flowchart showing a method for calculating a 
command interval distribution; 

Figure 24 is a flowchart showing the operation in the case 
where the HDD receives a command when operated; 

Figure 25 is a flowchart describing in detail the command 
receiving subroutine shown in step 2412 of Figure 24; 

Figure 26 is a flowchart describing in detail the command 
completing subroutine shown in step 2420 of Figure 24; 

·Figure 27 is a flowchart describing in detail the subroutine 
that determines when to enter a power saving mode next, shown 
in step 2620 of Figure 26, along with Figure 28; 

Figure 28 is a flowchart describing in detail the subroutine 
that determines when to enter a power saving mode next, shown 
in step 2620 of Figure 26, along with Figure 27; 

Figure 2 9 is a flowchart describing in detail the subroutine 
that computes saved energy, shown in step 2732 of Figure 28; 

Figure 30 is a flowchart describing in detail the subroutine 
that predicts the time that saved energy becomes maximum, shown 
in step·2746 of Figure 28; 
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Figure 31 is a flowchart describing in detail the subroutine 
that reduces the influence of the past command access, shown in 

step 2616 of Figure 26; and 

Figure 32 is a flowchart showing a timer interruption operation· 
for making a transition to a power saving mode. 

[Description of symbols] 

100 Disk unit 
110 Controller section 

112 Host interface controller (HIC) 
114 Hard-disk controller (HDC) . 
116 Channel 
118 MPU 
120 RAM 
130 Disk section 
132 Spindle 
134 Motor 
136 Disk 
138 Head 
140 Actuator arm 
142 Pivot shaft 
144 ... Voice coil motor (VCM) 
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Claims: 

( 1) A method of reducing energy that is dissipated by a unit 
capable of making a transition between a first state and a 
second state in which said· unit dissipates less energy 
than in said first state, comprising the steps of: 

(2) 

calculating energy that is expected to be saved by said 
unit when said unit makes a transition from said first 
state to said second state; 

determining timing at which said unit makes a transition 
from said first state to said second state, based on the 
calculated energy that is expected to be saved; and 

causing said unit to make a transition from said first 
state to said second state. 

.·.:;. 

The method as set forth in Claim 1, wherein said first 
state is an active mode and said.second state is a power 
saving mode. 

( 3) The method as set forth in Claim 1, wherein said f iist 
state is a first energy saving mode and said second state 
is a second power saving mode in which said unit 
dissipates less energy than in said first power saving 
mode. 

(4) The method as set forth in Claim 1, wherein said energy is 
electric energy. 
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(5) The method as set forth in Claim 1, wherein said step of 
calculating energy that is expected to. be saved includes 
the steps of: 

calculating energy that is additionally dissipated when 
said unit makes a transition from-said first state to said 
second state· and returns to said first state, compared 
with the case where said unit remains in said first state; 

calculating energy dissipation that is saved in said 
second state, compared with the case where said unit 
remains in said first state; and 

subtracting the calculated energy that is additionally 
dissipated from the calculated energy dissipation that is 
saved. 

(6) The method as set forth in Claim 1, wherein said step of 
calculating energy that is expected to be saved includes 
the steps of: 

calculating a distribution of past ~ommand intervals; and 

calculating 
accordance 
intervals. 

energy that 
with said 

is expected 
distribution 

to· be 

of past 
saved in 

command 

(7) The method as set forth in Claim 6, wherein said step of 
calculating a distribution of past command intervals 
includes a step of updating said distribution of past 
command intervals at intervals of a constant time. 

(8) The method as set forth in Claim 6, wherein a time between 
completion of the previous command and reception of the 
next command is taken to be a command interval. 

(9) The method as set forth in Claim 1, wherein said step of 

determining timing at which said unit makes a transition 
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from said first state to said second state includes the 
steps of: 

calculating a distribution of past command intervals; 

calculating a response delay time with respect to the next 
command in accordance with said distribution of past 
command intervals; and 

determining timing at which said unit makes a transition 
from said first state to said second state in accordance 
with said response delay time with respect to the next 
command. 

(10) The method as set forth in Claim 9, wherein said step of 
calculating a distribution of past comm.arid intervals 
includes a step of updating said distribution of past 
command intervals at intervals of a constant time. 

(11) The method as set forth in Claim 9, wherein a time between 
completion of the previous command and reception of the 
next command is taken to be a command interval. 

( 12) A unit capable of making a transition between a first 
state and a second state in which said unit dissipates 
less energy than in said first state, comprising: 

means for calculating energy that is expected to be saved 
by said unit when said unit makes a transition from said 
first state to said second state; 

means for determining timing at which said unit makes a 
transition from said first state to said second state, in 
response to said means for calculating energy that is 
expected to be saved; and 
means for causing said unit to make a transition from 
said first state to said second state. 
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. ( 13) The unit as set forth in Claim 12, wherein said unit is a 
hard-disk drive. 
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