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Abstract

. We proposed a load unbalancing scheduling method for energy-—efficient multi-core

embedded systems considering DVFS (Dynamic Voltage/Frequency Scaling) power consumption

and task characteristics. It is a new kind of scheduler which combines load balancing and load

unbalancing technique. The purpose of the method is to effectively utilize energy without much

effect in performance. In this paper, we conduct experiments on energy consumption and perfor-—

mance using the previous load balancing and unbalancing techniques and our proposed technique.

The proposed technique reduced energy consumption more than 13.7% when compared to other

algorithms. As a result, the proposed technique shows low energy consumption without much

decline in the performance and is adequate for energy-efficient multi-core embedded systems.
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Task Initialization
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Checking the usage of tasks

Aperiodic Task

Task Characteristic

assign the task to the core
with the lowest usage
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Select a core with the highest usage
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voltage/frequency

A |

summation of usages = usage of selected cores + selected a next core

the usage of the task

with the next high usage
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Fig. 1 Flow Chart of Scheduler Algorithm
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Table 1. XScale Power Consumption Model
Frequency -
(MHz) 150 | 400 | 600 | 800 | 1000
Voltage (V) | 0.75 | 1.0 1.3 1.6 1.8
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(W)
Execution -
Time (e) 3 2 1.5 1.2 1
o] Bele FrAYo 2~ (Homogeneous) HE
Fo] xZZAAoltt. DVFS9 DPM 7]5& A&t
4 3L, DVES 752 5 WA dAt/F35 EAS
zt=t}, 7z} F;oj= JNEAH o7 DVFESe DPMo| A
% 7Fssivta sl

=4 3:oje Rzt 033 vw @ P ;o

+ 150Mhz® E#stal 0.33 ~ 0.5 ©AE
400Mhz, 0.5 ~ 0.66 °l|A4 600Mhz® 2, 0.66
~ 0.8394 800Mhz=Z %2, 0.83 ~ 194

1000Mhz® =273k}, T2 A4 ¢] DVFS E4%
&3} o] 017415)@1 AU} B =85S AA#
= Al HA(EE =)o we gz HA

2L
off W orlr o K

AT | 8]9}h “‘ﬁ] Haze) st=do] 548 1
3 Zoltl, DVES #d 7]EAF [16]d] w=d
TALGY a2z APARE FHBA (Inverse

Relationship) ©|t}. &, F3ALS H5F4 Hx=3A
o] AggAjzte] F7lETE # 12 XScale Edo] A

% , A ARW)SE sold A3
Tt A2E=HE Aol §ls

= = o Eat
H 2 Ad/FIS w oA F57 (dle) HEIZ



Aperiodic Task
Threshold
0.83

083
0.66
033

0.66

0.5
0.33

Threshold
0

02

03

Fig. 2 Before Assigning Tasks

800MHz
600MHz

400MHz

Frequency
1000MHz
Rate of Utilization

800MHz

Frequency
1000MHz

J 50wz

Periodic Task

&7F AA

(Transition
(e}

A

=

w3
BelM s

}

AYARE 0.04 Watt2 7}
K1

gl

Overhead)&= 42 ¥
o)

4

600MHZ

ot Aotk H2a FRe A F

fsi3
=

}‘\l_

7] Ej=Ask M) Baart Sl

!

)
H

150MHz

400MHZ

mh2hA]

Ll Bt

ol [3].

(Metric)o] w}AIZFS 4t
}_

= A& grAl

wrh

01

03

Rate of Utilization 0.3

=
No
™
i

)

o

%

]

sojel wF7] B2

Fig. 3 Result of Assigned Tasks

Njm

N

)

)

2| Bl

RESESE

Bl

PEERES

=
—

S
=

wh
]._

nhghAIRRS A7
1
o aeA o) Bade 54 el QAR

o)1
.

ok
=

2

A
]

o)
bl

~o

St} e

o
T

X

il
a3}

wr
2l

X
X

o)
i

o]

™

RIREEE

o

o

ﬂl
]

o

™
W

k2

A
o
b
nin

k2

A
]
™
.

ol
o

toh o A gk

tg v

ol &E

BEHY oAUA &2xE 98, DVFS As/F39

il
9

=

o

-
™
<
o

2l

3
el

W
4+

a3

HAaE

ol Aeg molo] Wz 7]

th 2y 2 A ghol

i

ol
o

=
o

T2 24 7

/531

o)

o
Xfo
1o
B
st

o

PRy
o=

nin
T

]

9]
)

Z
ol

=
=
A

=

el

el

il

o

™o

o)
—

TR
N

AA Fkel

ol €]

=

1)

oA HEFL® °]&E0
&

=
o
el g

Ad/Fa d

Foh 2wy LS Y e ol

™

N

Fol,

il

o
]
——

N
]

o]
=

I Ask/Fakae Al A 9

o] o]

=
=

s

g B2 o) g

i

=

= ECLI

=

a7y
o]-§Fo] Fojo]&EA

ol



tetatiti=sstel=2Al M 11& XM 1= 20168 2 5

AeEln o 309 F& HA/FHAFE 4T =A ¥ 2. °HF7] Bx2a A
sto 7] B3 E st Table 2. Aperiodic Task Set
a9 2% Fusd A9 AR B4 gaa B e : T
A agste] 7t FZojd HAaE ddete WY (Aperiodic Task) | Release Time Time
o wolEY, F7) HadE ulpAzte BEw 5 1 6.51s 0.43s
Q3L FA Fuprt @G mols F ol §Fo] s 2 6.51s 0.11s
we Fold @S @b WFE] BAAE o] 8E i gg;z 8%2
o] 7bg we oo $HHow ATt - o oL
a9 38 duEe Hed Aotk ol 6 6,505 0,005
Bx=7b glew DPM< o]&sto] sofd A& 7 5.765 0.365
Agrah, oA Adeld, :ol 164 150MHz % 8 5.855 0.11s
A w) F7] Blad o] gEo] 0.3374A% AF @ 9 7.64s 0.18s
Fetch o] F Mg elast BAEW 150MHzR 1? 2'3?5 8-35
BAsts 3o] 20 Gt m:o] 20 % A 5 Lo 015
o8& 0.337HA% 5 IS vt o] 29 13 3.86s 0.14s
ol&E°] 033 =¥ thE Hxavt Holew 14 6.74s 0.47s
s0] 3o ettt o] 474A] o §F 0.3374A9 15 5.78s 0.62s
1% FPe doh wE o7l 150MHZE $4S 16 4.40s 0.18s
i vk E AR Baat 23S oW 57 = A L
FolE FaFE Folof it FIFE Fold o 19 6.03s 0.15s
|59 dAZkel Eorxlth 54 o7} 400MHzZ 20 591s 0.16s
Fasor s sole] o]gEo] 0574 HzIE
W% wee doh olsh g PHom WREL , ymmn o eu
el Rt AL A 2 pgeld Al oA E&A WHa
AL QAgEe] dEE 4 RO GANE A g e asge gd Ba Bad A
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2 Os °Jth 0.1 ¢|8&S Zte F7] 8235 3~
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Aze] AgdolgdA 7t mole 2AZY WS o e A v
EDFS Al83tla wWE|smo] ~AZY wHe wa )< 1.12 AA3A T ¥ 2+ Bounded Pareto+
- - X5 o]&3t H2E Al g o o]t} Bounded Pareto
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