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Real-time Voltage and Frequency Scaling on
Multiprocessors

KENJI FUNAOKA,T!T SHinpET KaTO'!
and NOBUYUKI YAMASAKI'!

Optimal real-time scheduling is effective to not only schedulability improve-
ment but also energy efficiency for real-time systems as compared to non-
optimal algorithms. In this paper, real-time voltage and frequency scaling tech-
niques based on optimal real-time scheduling for multiprocessors are presented.
The static techniques are theoretically optimal when the voltage and frequency
can be controlled both uniformly and independently among processors. The
dynamic techniques leverage the static techniques which can solve the problem
in polynomial time. Simulation results show that the static technique closely
approaches the lower bound on energy consumption if the voltage and frequency
can be controlled minutely. Furthermore the dynamic techniques cover up the
disadvantages of the static techniques in the sense that the dynamic techniques
are not practically affected by selectable frequencies.
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Algorithm: DecideUniformFrequency
1: foreach 1...M as k

2: o =max{X,U/M}

3: end foreach
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Fig.5 Uniform RT-SVFS.
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Fig.6 Examples of uniform RT-SVFS.
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Algorithm: DecideFrequency

Require: u1 > u2 > ... > un
1: Theavy — ¢

2. Tlight =T

3: foreach 1...M as i

4:  if xlisht 5 ylight / (A7 _ [) then

5: Theavy — Theavy U {Tz}

6 Tlight — Tlight\{Ti}

7 else

8 break

9 end if

10: end foreach

11: foreach 1...M as k

12: if Py executes a heavy task T} then

13: ap = Ug

14: else

15: ap = Ulsht /(M — H)
16: end if

17: end foreach
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Fig.7 Independent RT-SVFS.
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Fig.9 Uniform RT-DVFS.
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7 else
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9: end if

end foreach
11: foreach 1...M as k
12: if P, executes a heavy task T} then
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14: else

15: ap = SN /(M — H)
16: end if

17: end foreach
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Fig.10 Independent RT-DVFS.
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Fig.12 EnergyRatio of static techniques on System 1.

0.2

000000000000000UD0000000000000000000000
[2.0,4.0]0 02500000000 100000000000000 EnergyRatio 0000
0000000000000000000 EnergyRatio000000000000O000
0000000000000000000000000000000000000000
EnergyRatio 00 000000000000 L = [0,min{lem{p;|T; € T},2**}] 000
000000000 EnergyRatio 000 0000000000000000000000
lem{p;|T; € T} 0000000000000 000000000000000000O00
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
002¥0000000000000000000000000000 T-LPlane000
LLREFOOO0O00O0OO0O00000O0000000000000000000000000
0000ooOooooood

72 000000000
00000000000000000000000 Exhaustive 00000000000
00000000 NoVFScalingDOOOOOOOO DecideFrequency 000000000
0000000 Exhaustive 00000000000000000000000000O0O0
EnergyRatio 0 000 Exhaustive 00 0000000000000000OO00O0OO
ooo
0000000000000000 1200 1300 14000000000000000

000000000 00oD0oooDOoooOooog Vol No.2 96-110 (Aug. 2008)

0.8

0.6 r

EnergyRatio

041 DecideFrequency —e— |

Exhaustive --&--
NoVFScaling ---A---

04 05 06 07 08 09 1 1.1
Taskset utilization

013 0000 20000000000000000O0O0OC

Fig. 13 EnergyRatio of static techniques on System 2.
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Fig.14 EnergyRatio of static techniques on System 3.
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