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Abstract—In recent years, with an increasing number of
requests, energy, power and temperature have been
important keys in embedded systems, which decrease the
lifetime of both CPUs and hard disks. The energy
consumption is an important issue in computer systems,
particularly real-time embedded systems. The frequency
and the Revolutions Per Minute are major factors in the
reduction of energy consumption in both processors and
hard disk drives. Therefore, the main goal of this paper is
to present a scheduling mechanism for a real time
periodic task that can save more energy. This mechanism
is based on increasing, as much as possible, the execution
time of the CPU and/or the Read/Write time of the hard
disk without passing the task deadline. This will be done
by dynamically changing the CPU frequency and/or the
RPM of hard disk. Our experimental results demonstrate
that the proposed algorithm manages to lower energy
consumption by an average of 25% and to reduce the
number of missed tasks by 80%.

Index Terms—Energy consumption, periodic real time
task, execution time, Read/Write time, Revolutions Per
Minute, frequency.

I. INTRODUCTION

Nowadays, Dynamic Frequency Scaling (DFS) is one
of the widely-used techniques in real time systems to
determine the operating frequency of the processor that
ensures all real-time restrictions while minimizing the
energy consumption. Dynamic Power Management
(DPM) is another major technique for energy
conservation that is used to reduce power consumption of
off-chip devices such as hard disk drives by switching a
device from the active to the energy sleep state. During
the last decade, much research has been done in order to
find an efficient trade-off between energy consumption
and performance. Many studies such as [1-10] have deal
with the tasks with only CPU requests, in which they
managed to minimize the energy dissipation using
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available techniques such as DVS or DVFS, by
dynamically changing the CPU frequency or voltage.
Other researchers such as [15], employed another
technique known as DPM in order to reduce the power
consumption of off-chip devices. In addition, each of
these studies [12-14], introduced a power consumption
model of a storage server with regards to Read and Write
times. In few other studies such as [10, 11], DVS & DPM
techniques are combined to save more energy
consumption. We applied this method in our study.
However, due to the importance and extensive use of
hard disk as an off-chip device and with the Revolutions
Per Minute (RPM) of hard disks in mind, in this article,
we presume a task to specifically contain hard disk
requests in addition to those of the CPU. Considering
both of CPU and hard disk requests and then presenting
an optimizing mechanism can help to save more energy.
This will be achieved via dynamically changing the
CPU frequency and/or the RPM of hard disk. This
decision is, in turn, primarily based upon which of the
two aforementioned devices consumes more energy. In
this case, if we need to change the CPU execution time,
governor sets the ideal frequency according to the
available frequency and the remaining time of task.
Furthermore, if the hard disk Read/Write(R/W) time
needs to be changed, RPM level will be modified
according to the remaining time of the task. Thus we
have to reach an efficient trade-off between changing the
execution time of the CPU and the R/W time of the hard
disk according to their energy consumption. An
important point that must be considered is that by
reducing the frequency of the CPU or the RPM level of
the hard disk, the performance ratio is reduced, but in this
work, the reduction of performance ratio which is caused
by energy consumption optimization is not significant.
Due to the fact that our focus is on scheduling a real time
task with CPU and hard disk requests and since some
articles such as [10] and [11] merely focus on tasks
scheduling algorithm without considering how the
execution time of CPU and the R/w time of the hard disk
should be altered in order to reduce the energy
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consumption of each task, this work is novel in
optimizing the energy consumption of a task with both
CPU & hard disk requests. The rest of the paper is
organized as follows. Section 2 presents related works. In
section 3, we describe our algorithm. Performance
evaluation and conclusions are presented in Sections 4
and 5, respectively.

Il. RELATED WORK
A. Techniques for Saving Energy in CPU

In recent years, a significant number of studies have
been done in the field of special-purpose systems for
scheduling real time tasks, in which DVFS technique was
used in order to improve energy or power consumption.
Kamga [1] proposed a mechanism for emulating a precise
CPU frequency by using the DVFS management in
virtualized environments. In [10] the focus is on a
scheduling approach towards the sporadic tasks set in the
uni-processor system according to DVFS technique. In [5]
they presented a DVFS-based algorithm to reduce energy
consumption of processors through efficient use of the
generated tasks’ slack times by an independent scheduler.
Laszewski et al. [6] proposed a scheduling algorithm for
DVFS- enabled clusters for executing multiple virtual
machines in order to reduce power consumption. In [8]
they introduced a mechanism for scheduling of real-time
tasks on a non-ideal DVS processor with shared
resources in order to obtain better energy efficiency.

B. Techniques for Saving Energy in Hard Disk

Many case studies have been done on the reduction of
energy consumption of hard disks. In [12], [13] and [14]
they focused on presenting mechanisms for reduction of
power and energy consumption of hard disks regardless
of them being scheduled for a set of real time tasks.
Swaminathan et al. [15] presented the scheduling for a set
of hard disk real time tasks with 1/O requests based on
DPM technique. In this paper we proposed a new
algorithm for scheduling a real time periodic task with
CPU and hard disk requests, in order to lower energy
consumption as much as possible.

Also in Kong et al. [11] they addressed the problem of
multi-resource energy minimization for frame-based real-
time tasks running on a DVS-capable processor of a
discrete set of operational modes with multiple off-chip
DPM-capable devices.

I11. OPTIMIZING ENERGY CONSUMPTION FOR A PERIODIC
REAL TIME TASK WITH CPU AND HARD DISK REQUESTS

A. Phasel: Computing Energy Consumption of CPU and
Hard Disk and Comparison of their Respective Values

In this section we will present our new algorithm for
computing and comparing hard disk and CPU energy
consumption .With the aim of reducing energy
consumption, the execution time of the CPU and/or the
R/W time of the hard disk up until the deadline will be
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increased. Based on which of the hard disk or CPU
consumes more energy, the execution time of the task
changes with one the items below:

e  The R/W time of the hard disk increases.

e  The execution time of the CPU increases.

e Both R/W time of the hard disk and CPU
execution time increase.

The major parameters of the task are described in
Tablel.

In Figs.1, 2 and 3 CPU Energy Consumption, HDD
Energy Consumption and Decision algorithm are shown,
respectively. In the first step of algorithm 1, we have
calculated CPU power consumption that is denoted in Eq.

).

11 Input: F,,V, A

2: Output: Egp,

3: Use Eq. (1) to calculate the power consumption of
CPU

4: Use Eq. (2) to calculate the CPU energy consumption

Fig.1. CPUEC algorithm

1: Input: RPM

2: Output: Egpp

3: Use Eq. (3) to calculate the power consumption of
HDD

4: Use Eq. (4) to calculate the hard disk energy
consumption

Fig.2. HDDEC algorithm

Table 1. The major parameters of task.

Parameter Definition

Epu CPU Energy consumption(J)

P Power consumption

Euob Hard Disk Drive Energy consumption(J)

R, Ready time(ms)

D, Deadline time(ms)

RE, Remaining time up until the deadline(ms)

EX, Extended period of time from the deadline(ms)

Fepu Frequency of CPU(GHz)

A Effective capacitance

\Y Voltage of CPU(V)

Frnin-cpu Minimum frequency of CPU(GHz)

Frnax-cpu Maximum frequency of CPU(GHz)

E,. CPU Execution time(ms)

RW, Read and Write time for hard disk drive(ms)
\ Transfer time(ms)

AS, Average Seek time in hard disk(ms)

RPM Revolutions Per Minute in hard disk

B The execution time of modified task(ms)

P = AxF g, XV M

Where F, A and V represent processor’s working
frequency, the effective capacitance, and processor’s
working voltage, respectively. In this paper for Intel
Pentium M Processor model, the maximum frequency is
1.6 GHz and the minimum frequency is 0.6GHz, so CPU
energy consumption is defined as:
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Eopu=P *Ey, )

For calculating hard disk energy consumption, at first,
we must compute power consumption that is defined as:

P=Number of platters x(RPM)*®x(Diameter)*® (3)

For Eq. (3)[17] we used HP 300GB-6G-SAS 15k rpm-
SFF(2.5inch) model of hard disk drive with 2 platters,
four levels for RPM and 2.5inch diameter, so hard disk
energy consumption that is denoted in Eq. (4).

Eppp=P * T, 4)

In Fig.3 at first we compared energy consumption of
the hard disk and that of the CPU. If energy consumption
of the CPU is greater than that of the hard disk, algorithm
4(First Frequency-Last RPM) will be executed, otherwise
algorithm 5(First RPM-Last Frequency) will be executed.

Epu = CPUEC algorithm
Eupp= HDDEC algorithm
If Eypp<Ecpy then
FF-LR algorithm
else If Eypp>Epy then
FR-LF algorithm
end if

Fig.3. Decision algorithm

B. Phase2: Computing the Optimal Execution Time of
the Task Based on Obtained Ideal Frequency and RPM

In this section, the second phase of our proposed
algorithm will be described. In this phase after
determining which of the two (CPU or hard disk)
consumes more energy, based on the above algorithms,
either FF-LR algorithm or FR-LF algorithm in Figs. 4
and 5 will be selected.

B.l. Energy Consumption of CPU is More than that of
the Hard Disk

In Fig.4 first, the frequency of the CPU is set to
minimum and the RPM of the hard disk is set to
maximum, in other words, the CPU performs with
minimum frequency, which causes the execution time of
CPU to increase and the hard disk performs with
maximum level of RPM, which causes an decrease of the
R/W time of the hard disk. Then the execution time of
the CPU and the R/W time of the hard disk are calculated
with these new amounts according to Eq. (6) and Eq.
(9)[16]. If the sum of the execution time of the CPU and
the R/W time of the hard disk is less than D,- R, (task is
not missed), it means in addition to prolonging the
execution time of the CPU, maybe we can also prolong
the R/W time of the hard disk, so the remaining time will
be calculated from Eq. (5).

RE=D- (Etcpu+RWtHDD) 5)
Based on the sum of the RE, from Eq. (5), and the
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RW,, ., the new R/W time of the hard disk is calculated.
According to the Eqg. (6) and the new R/W time of the
hard disk, the rotational delay time will be calculated.

RW, =RD+ AS+T, (6)

1: Input: R;, Dy, E;
AS;, T, RPM

2: Output: E,

3: RPM = RPM,,,,

4: FCDU = Fmin—cpu

5: Use Eq. (6) to calculate RWy,

6

7

8

cpu’RWtHDD ! FCPU’ Fmax—cpu’ Fmin—cpu’

: Use Eq. (9) to calculate E;_,
CIf Ei, .t RWy, <D R then
: Use Eq. (5) to calculate RE;
9: RD, = (RW, _+RE,)- (AS+T,)
10:  Use Eq. (7) to calculate RPM
11: Compare calculated RPM with 4 levels RPM
12:  Assign the first RPM level that is greater than
calculated RPM
13:  Use Eq. (6) with ideal RPM level to calculate
RW‘HDD

14: else if E. ,tRWy > Di- R then

15:  Use Eq. (8) to calculate EX;
16: CPU frequency changes to F;y.q(from Eq. (10))

17: If Fideal > Fmax-cpu then
18: Figeal = Fmax-cpu
19:  endif

20:  Use Eq. (9) with ideal F, to calculate E,,

21:end if

22:Ey,, = E,, + RWy

cpu

Fig.4. FF-LR algorithm

The desired RPM will be obtained from Eq. (7).
RPM = (5 60)/ RD, @

Then this new RPM will be compared with the levels
of RPM and the first RPM level that is greater than the
calculated RPM will be considered as the desired RPM
value. Finally the new R/W time of the hard disk will be
calculated with this RPM.

If the sum of the execution time of the CPU and the
R/W time of the hard disk is more than D,- R, (missed
task), the extended period of time will be calculated from
the deadline that is defined as:

EXl: (Elcpu +RWtHDD)- Dl (8)

The execution time of the CPU when frequency is
minimum will be calculated from Eq. (9).

I CPI;
Etcpu: : %)

F cpu

Where N and CPI represent the total number of
instructions and Clock cycle Per Instruction, respectively.
In addition, the execution time of the CPU can be
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calculated by the current execution time of the CPU, the
minimum frequency and the current frequency.
According to calculated E.., and EX,, the ideal CPU

frequency will be obtained (Higher frequency) which is
defined as follows:

F . xE¢ .
. min-cpu cpu
Fidea™ =5 5x (10)
tepu EXt

If this obtained frequency is more than the maximum
CPU frequency, the maximum frequency will be selected
as ideal. Consequently the new execution time of the
CPU is calculated from Eq. (9) according to the new
frequency. Finally according to these obtained execution
time of the CPU and R/W time of the hard disk, the new
execution time of the task will be calculated.

B.Il. Energy Consumption of Hard Disk is more than
that of the CPU

1: Input: Ry, Dy, E;
AS,, T, RPM
2:Output: B,

3: RPM = RPM,,;,
4 FCPU = Fmax-cpu
5: Use Eq. (6) to calculate RWy,

6: Use Eq. (9) to calculate E..

7:0f Ei ,FRWy <D~ R then

8: Use Eq. (5) to calculate RE;

9:  CPU frequency changes to Fi4.q (from Eq. (11))

CPU|RWtHDD ’ Fcpw Fmax—cpu‘ Fmin—cpu‘

100 If Figeal < Fpecpu then
11: Fideal = Fmin-cpu
12: endif

13:  Use Eqg. (9) with ideal F, to calculate E,.

14: else if Ei . FRWy,n> Di- R then

15:  Use Eq. (8) to calculate EX;

16: RD, = (RW, -EX,)- (AS+T,)

17:  Use Eq. (7) to calculate RPM

18: Compare calculated RPM with 4 levels RPM

19:  Assign the first RPM level that is greater than
calculated RPM

20:  Use Eq. (6) with ideal RPM level to calculate

RW‘HDD

21: Use Eq. (5) to calculate RE;
22: If RE; >0 then

23: CPU frequency changes to F;4..;(from Eq.
(11)

24: Use Eq. (9) with ideal F, to calculate E,.
25: endif

26: end if

27 E

= Etcpu + RW‘HDD

Yask

Fig.5. FR-LF algorithm

In Fig.5 first the RPM of the hard disk is set to
minimum and the frequency of the CPU is set to
maximum. Then the execution time of the CPU and the
R/W time of the hard disk are calculated with these new
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amounts according to Eq. (6) and Eq. (9). If the sum of
the execution time of the CPU and the R/W time of the
hard disk is less than the D,- R,(task does not miss), it
means in addition to the prolongation of the R/W time of
the hard disk, we can also prolong the execution time of
the CPU, so this remaining time will be calculated form
Eq. (5).

According to calculated E,, and RE,, the ideal CPU
frequency will be obtained (lower frequency) which is
defined as follows:

F xE¢
__ max-cpu cpu
Fideal_ E.  +RE (11)
tepu t

If this obtained frequency is less than minimum CPU
frequency, minimum frequency will be selected. Finally
the new execution time of the CPU will be calculated
according to the new frequency.

If the sum of the execution time of the CPU and the
R/W time of the hard disk is more than D,- R, (missed
task), the extended period of time will be calculated from
the deadline according to Eqg. (8). Then based on
subtraction of the RW,  from the EX,, the new R/W
time of the hard disk is calculated. According to the Eq.
(6) and the new R/W time of the hard disk, the rotational
delay time will be calculated. The desired RPM will be
obtained from Eq. (7).

As a result, the new R/W time of the hard disk will be
calculated according to the ideal RPM level. Finally,
according to obtained execution time of the CPU and
R/W time of the hard disk, the new execution time of the
task will be calculated.

If the task is not initially missed, after applying our
algorithms, we will have a task with an execution time
which approaches the deadline, therefore the energy
consumption of CPU and/or hard disk is reduced as much
as possible, otherwise the execution time of the task is
decreased until the deadline.

IV. PERFORMANCE EVALUATION

This section presents the results of our proposed
algorithm. Table2 summarizes the specifications of CPU
and hard disk that are used in our simulation. We used
Matlab software for evaluating our proposed algorithm.
50 tasks were randomly generated of which 10% were
initially missed. Fig.6 shows the average execution time
of the tasks prior and subsequent applying our algorithm.
After applying the algorithm, the average execution time
of the tasks increases (because most of them were not
initially missed). This algorithm could extend the
execution time of the CPU and/or the R/W time of the
hard disk up until the deadline. Therefore the energy
consumption is reduced by about 25%, which is very
significant (Fig.7). Also the execution time of each
separate task can be seen in Fig.8 prior and subsequent
applying the algorithm.,
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Table 2. Specification of CPU and hard disk drive
HP hard drive

Name Value

Capacity 300,000MB
Height 0.62 in (15.6 mm)
Width 2.98 in (75.7 mm)
Depth 4.67 in (118.7 mm)
Interface SAS

Transfer Rate | 6 Gb/sec

Synchronous(Maximum)
Physical Configuration Bytes/Sector 512
@ belore running presented sigenthr fter runaing presented algorith Logical Blocks 585,937,500
Rotational ~ Speed:  5400(Min),
Fig.6. Average execution time of task 7200, 10,000 and 15,000(Max)rpm
Operating 50°to 95°F (10°to 35°C)
Temperature(System Inlet
Air Temperature)
Number of Platters 2

Intel Pentium M Processor

. Name Value
. High Frequency | Frequency 1.6 GHz Voltage
< Mode(HFM) 1.484vV  TDP(Thermal Design
@ Power) 24.5w
Low Frequency | Frequency 600 MHz Voltage
Mode(LFM) 0.956V  TDP(Thermal  Design
- Power) 6w

Fig.7. Average energy consumption

n

Enmemon bvm of bt v )

Fig.9. Number of missed tasks
Nrge !tk

Fig.8. Execution time of tasks

[

Fig.9 shows the number of tasks that are missed prior
and subsequent to the algorithm execution in which the
number of the missing tasks is reduced by 80%. The
amount of RPMs of the hard disk and frequencies of the
CPU are shown in Fig.10. As shown in Fig.10. (a) and
Fig.10. (b) the frequency of the CPU and the RPM of the
hard disk in most of the tasks reduced to a minimum,
respectively. Their respective average values before and
after applying our algorithm are also shown in Fig.11. In
this figure a reduction in the values of the CPU frequency
and the RPM of the hard disk can be observed after Sk, s
running the algorithm. (a) CPU frequency

CPU SequencyiGia
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ROV

Narbet el ks

(b) RPM of hard-disk

Fig.10. (a) The values of CPU frequencies and (b) RPM of hard-disk,
before and after applying algorithm

(a) Average frequency

(b) Average RPM

Fig.11. (a) Average CPU frequency and (b) Average RPM of hard disk
drive before and after applying algorithm

V. CONCLUSION AND FUTURE WORK

In this paper we have presented a novel scheduling
algorithm in order to reduce energy consumption in a real
time periodic task with CPU and hard disk requests. To
achieve this goal, the execution time of the CPU and/or
the R/W time of the hard disk must be changed according
to the remaining time and consumed energy. In the future
study we intend to propose a new algorithm with the aim
of minimizing energy consumption with a minimal
performance reduction in multitask-multicore processes.

Copyright © 2015 MECS
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