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A Selection Algorithm of Tasks for Applying DVS toward a Power-aware
000000000000 Task Scheduling

Y uicHIRO MoRI,™ KoicHI AsakURA™ andToyoHIDE WATANABE 1

Although DVS (Dynamic Voltage Scaling) can reduce power consumption, this method is mainly used
at idle time or low load computation time. In existing methods, which propose application of DVS at high
load computation time, interprocessor communication cost between tasks is not considered. In this paper,
we propose a task scheduling algorithm for reducing power consumption especially for high load compu-
tation time. The algorithm takes interprocessor communication cost into consideration. DVS is applied to
tasks that are not in the critical path. Thus, we can reduce power consumption without increasing the whole
processing time. Experimental results show that our algorithm can reduce about 9.0% and 12.8% of power
consumption on 4 and 8 processors respectively on average.
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Fig.1 An example of a task graph
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Fig.2 An example of a schedule
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Table 1 Specification of a computer

parts specification
Motherboard Gigabyte GA-K8 VM800M
CPU AMD Athlon64 3000+

O Clock frequency 2.00GHz

O Number of P-States) 3

RAM 1.00GB

oS Windows XP Professional SP3
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Table 2 Effects of DVS

P-State OO0 0O 0ooo W]
[MHz [v] | DOOO0OO ©OO0O0
1 2000 1.50 87 100
2 1800  1.40 78 87
3 1000  1.10 59 61
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Fig.3 Atree task graph
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Fig.4 An example of applying DVS
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Fig.5 An example of connective tasks

Require: schedule: a scheduling result by non-power-aware
scheduling algorithm
Ensure: schedule: a scheduling result
1: begin
2: for each processor p do
3 for each task n in descending order of est(n,p) do
4 if (slacktime(n) > 0) then
5 add n to nlist.
6: Mprev +— & previous task of n.
7 while (slacktime(npne,) > 0) do
8 add ., to nlist.
9 Nprey 4 & previous task of nyprey .
10: end while
11: while (nlist = ¢ v all tasks of nlist can not be
applied DVS) do

12: Ttrargee < argmax(n in nlist) f(n}), where
f(n) means the amount of power reduction
for n.

13: apply DVS 10 ngqpger -

14: adjust est and compute slack-time for every
task.

15: TEMOVE Ny ger ITOM Nlist.

16: end while

17: end if

18:  end for

19: end for

20: end
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Fig.6 Our proposed algorithm
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Fig.8 Examples of a task graph and a schedule
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Fig.9 After applying the methods for reducing power consumption

0000000000000 800000000
000000020000000000000000
000000000 9b) 00000 9a0 0000
00n,nO0000000000000000000
000000000000 0000000000
000000000000000000000000
ooo

090 R 0000 (2010000000000 20
000000000000000000000000
0 6,770Wutl0 000000 5,270Wut] 00000
000000000O0O0O0O0O00000000

5. 0 00O

51 0000

goboodoboobooboobuoboobobo
OJ0O0O0ODO0O0OETROODOOODOOODOOODDOOO
goooooooboooobo

gobooboboobOobooboooboobooobo
STG(Standard Task Graph déh)yJ 00000000
g0 s0,1000 0000000 18000000000
O0000d [ms]O00O0OSTGUOOOOOOOO
00o0od0bOo0ooOoobOoDooOoooboooono
CCR(Communication to Computation Ratio)l 0 0 O
goobboooobooboobooboobono
000000Do00ooooDoooooOooo 1000
goooooOOoobOoooOoobOoOocCROOOO
goboodbooboobooobuoobobobono
JgoooobOooooboooboooboboooono
O000O00CCRO OAOO0ODODOOODOODOOODO
doooooiliooooooooloooooooan
00000070000000CCROOO 30000



F1T2009 8

03 0D0o0oooooooooog
Table 3 Power consumption model of the processor

P-State OO0 0O 0ooo (W]
[MHz [v] | OoOoo ©Oooo
1 2000 1.50 40 52
2 1800  1.40 30 39
3 1000  1.10 10 13
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Table 4 Experimental results
gooo 50 gooo 100
gooogo CCR oooooa gooo gooooo oooad
0.1 7.1% 10.8% 4.8% 9.4%
4 1 6.9% 10.8% 5.0% 9.3%
10 10.3% 11.0% 9.0% 13.8%
0.1 11.3% 15.7% 8.9% 14.3%
8 1 10.8% 14.7% 10.6% 16.5%
10 10.8% 13.3% 11.2% 15.1%
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