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Real-Time Task Scheduling for a Variable Voltage Processor

Takanori OKUMAT, Tohru ISHIHARAT, and Hiroto YASUURA
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Supply Voltage 4.0V 5.0V
Clock Frequency | 40MHz | 50MHz
Energy/Cycle 25nJ 40nJ

Voltage .
5.0V - 50MHz Deadline

5.0v

. 40,03
25 timefsecond]

sov 4.0V - 40MHz i
4.0V

0 5 10 15 20

25.0J

25 time[second)]

0 5 10 15 20
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Fig.1 An example of energy reduction
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Fig.2 Typical parameters of a real-time task
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Fig.3 An example of modification rule 1
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Fig.4 An example of modification rule 2
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Fig.5 Pseudo code of SS Algorithm
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Fig.6 Pseudo code of SD Algorithm

goooooosboooooooooooo,oo
goboooooooooooooooobooobooo
goo,b000b0o0c0o0o0oobbo0ouobobocoooo
gboboooooobocoob.oooooboobobocooboo
gboboobooooooooooocoooooobooo
goo.

000 10 SbOoO0O0oooooooooooon Je
gooooooboooooD J,O00000000D000
goooooooooooobooooDboo

SZma:c + Ol‘c/'mazc _|_ I};?(LYMGT) g dk (5)

000 20 SDOOODOOOO0O000O00000 t00
0000000 J,O0OOO0O0O0D00000 J,00
000 T,.O0OOODOOO0O0O0O0000000000
0Oo0O0O000O00

00 1000 200000000. 00000000
000000000000000000000000
00000SDOOO0ODO00ONDO0ONON000000
000000000000000000000000
000000000000000000000000
0000000000

3.4.2 DDOOODOOO

DDOOOOOODD (1),(2),3) 0000000
00.000000000000000000000
0000000000000000. (1),(2)000
00000,0000000000000,SD0O DD
000000000000. 0000 (3)00000.
ShOO0000D0000000,000000000
00000000000000000000000
0O0000.000,DDO000D0ODO0OD,
000000000000000000000000



gooo0oooooo0o0oooOoooooOoOoboO0oOoooooooOooOoOoboOOoOoonoo

DD Algorithm:
e Initial values:
— 0oooooo R:=9
— ts:=0
— Jexe := Jiq 000000000
e Input:
— 00000000000 {(v, f;) |4=1,...,m}
— 0000000000000 Jege
— Jexe 0000000D00 Vege
— 000 ¢

Output:

— 0000000000 Jne

— Jne 00000 The

e Algorithm:

if new task arrived then
Jar := arrival task
if Priority(Jq,r) > Priority(Jege) then
R :={Jeze} UR
if Jewe # Jidie then
Xeze 1= the rest of Xege

end if
s =t + OVmaz
I ar
Jne 1= Jar
Tpe i=1ts — ¢

else
R :={Jar}UR

Jne := Jexe
Supply voltage is unchnaged
end if

else if Jege finished then
Jrpi =R O0D000000O0O00OO
R:=R—{Jni}
ts =15 + O:’;"”
Jne = Jhi
The :=ts — t
end if

07 DbhOOOOOO
Fig.7 Pseudo code of DD Algorithm
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Table 1 Processor mode

Supply Voltage | Clock Frequency

5.0V 50MHz
4.0V 44MHz
2.5V 32MHz
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Table 2 Task set

Task | X;[cycle] | C;[F]
J1 10000000 10
Ja 8000000 15
J3 15000000 20
Ja 5000000 5
Js 4000000 30
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Table 3 Scenario 1

Task | a;[sec] | di[sec] | Execution Cycle
J1 0 0.2 9300000
Ja 0 0.4 7000000
J3 0 0.8 14000000
Ja 0.4 0.5 3000000
Js 0.5 1.2 3000000
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Table 5 Results for scenario 1

Task Normal SS SD DD
Ju 5.0V 5.0V 5.0V 5.0V
Ja 5.0V 5.0V 5.0V 5.0V
Js 5.0V 5.0V 2.5V 5.0V
Ja 5.0V 5.0V 5.0V 5.0V
Js 5.0V 4.0V 4.0V 4.0V
Js 5.0V 2.5V 2.5V 2.5V

Energy | 1665J 1110J 1036J 1130J

J; 00000000 0000000000000
oooooooooooooooo 000000
oooood

4.2 0000

oooo1wooooo 2000000000000
ooooos00e0000D00000DOOOODOO
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Table 4 Scenario 2

Task | a;[sec] | di[sec] | Execution Cycle
J1 0 0.3 9300000
Jo 0 0.5 7000000
J3 0 0.9 14000000
Ja 0.4 0.7 3000000
Js 0.5 1.4 3000000
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Table 6 Results for scenario 2

Task Normal SS SD DD
Ju 5.0V 5.0V 4.0V 5.0V
Jo 5.0V 5.0V 4.0V 5.0V
Js 5.0V 4.0V 2.5V 5.0V
Ja 5.0V 4.0V 2.5V 5.0V
Js 5.0V 5.0V 2.5V 4.0V
Js 5.0V 4.0V 2.5V 2.5V

Energy | 1665J 778J 634J 11307
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