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A Task Scheduling Method for Low-Energy
Consumption on Heterogenius Cluster Systems

Ryo YAMASHITA, T Masaak: Konpo, !
SuoicH HirasAWAT! and Hiroxk1 HoNDAT!

Reducing energy consumption of data-centers is one of the important re-
quirement for data-center operations. Since the hardware of server systems is
replaced frequently, there is a heterogeneity in data-centers. Therefore, the en-
ergy consumption for processing a task depends on the server that the task is
allocated. In this paper, we propose a task scheduling method to reduce energy
consumption for processing a task set in which each task has dependency to
other tasks. Our method is based on the Heterogeneous Earliest Finish Time
(HEFT) scheduling algorithm. After HEFT scheduling, we re-allocate tasks
to low-power servers without increasing the critical path length of the task
set. We evaluate the proposed method and the evaluation results reveal that

the proposed method successfully reduces energy consumption in most of the
evaluated cases.
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1. Set the computation costs of the tasks and communication costs of the edges
with means values.
Compute rank, for all tasks by traversing graph upward, starting from the exit task.
Sort the tasks in a scheduling list by nonicreasing order of rank,, values.
while there are unscheduled tasks in the list do
Select the first task, n; from the list for scheduling.
foreach processor py in the processor-set (py € Q) do
Compute Ealiest Finish Time EFT’(n;, py) value.
Assign task n; to the processor p; that minimizes EFT of task n;
endfor
10. endwhile
11. Compute ranky for all tasks by traversing graph downward, starting from
the entrance task.

© 0N OE W

12. Compute rank, value plus rankg value.
13. Set the tasks that have the largest value of (rank, + rankgy)
to a criticapath list Le.
14. Sort the tasks in a reassigne list by nonicreasing order of rank, values.
15. while there are un-reassigned tasks in the list do
16.  Select the first task, n; from the list for reassignment.
17.  if task m; is not criticalpath tasks (n; ¢ L.) then

18. set Qr = ¢

19. foreach processor pj in the processor-set (px € Q) do

20. Compute EST(n;,py) value.

21. Compute LFT(n;,pg) value.

22. if py has un-assigned time duration for n; from EST(n;,py) to LET(n;,py) then
23. Qr = Qr +py

24. endif

25. endfor

26. Select processor p’ € Q, which minimize total energy consumption of the taskset
27. Reassign n; to the processor p’

28.  endif

29. endwhile

03 OD0O0oO0OO0o0oO00ooooOooOoO0o0o0o0oooooOoOoOoOoooon

ooooobooooobooooooobooooobooboobOooOoOoboboobooooo
ooooooooooooooobooooboOooobOoOobOoooobDOoboOoooODbOonoo
goooooooooooooooooOooboooOoboOoOoooobooOobocOooboooDoooobo
gooooooooooooooooooooboobooooobooobooboOoobooboobooboOobo

(© 2011 Information Processing Society of Japan




oooooooooo
IPSJ SIG Technical Report

W rankuRIE- FEE&H
W rankuf%)E- i

M rankuF G- £5E
O rankuf#)E- £55

1.00
0.95
0.90
0.85
0.80
0.75

0.70

Realative Energy Consumption

12 24 36
Num. of Processors

04 HEFTOOOOOOODOODOODOOOODO (00D0O0D00000000=1.50000000000=1.5)

gboooooboobooboooboooboobooooooboooOobooobOoOooOooboooon
gooobooooooooooooooooooooooboooooooooooooboOoon
gob0100000 40000000000000000000000O000OO000ODOO
goboooobooooooooboooon

ooboooOo0oooobo0oo0oD 120240360 3000000000000 0O0OO0OO
gooooooooooooooboooooooboobooooooooooooDooDbboo
0.50000000000D000O0DO000000O00O0DOOODOODO 150 250000
goboooobooobooooOoobobooooboboooD 1sb 250000000000

jloooobooooboooooOoOoObObOOODOOOOOOOOOOOO0OO0O00000
000 s5000000000000000000000D00000(@OO0ODO)DO 250
cooooooboboooobooboobooOoOObOOOOOOODOOOOOOOOOOO0 1000
ocooooooooooooooobobob wooooooobooooooooboooo
goooboboooooooboooooobooooboooooooooooOooooooboo
ooobooboooooooooooobooobooooooboobooOobobooboOoooooboa
goboooooooon

4.2 0000

O400HEFTOO0O0O0O00O0O0O0COCOODOODOOOOOOOOCOOD 12024036
00o0o0ooO0oo0oo0oo0oooOUOU0OU0OU0OLO0L0O0O0O0O rank, OO0 /000
000000 pSTOOUOOUOUOOOO LFTO0O000O0OO0ODOO (oo /OooOo)o
ooboooobooooooooboooooooboooboobooOoooboboOoobobooooo

Vol.2011-ARC-194 No.3
2011/3/10

W ranku5FIE- £5E
O rankuf# - £&&

W rankuRIE- F&&

W rankuf%)E- T 5
1.00

0.95
0.90
0.85
0.80
0.75
0.70

Realative Energy Consumption

12 24 36
Num. of Processors

05 HEFTOOOOOOOOODOODODOODOD (00D0D00000000000=250000000000=1.5)

goboooobooooboobisbO0b0obO0ooooon
goboooooooooooooooooooooooooOobobboboOoboOooooDooonoo
OOOOOHEFTOOOOOOODODOODOOOOOOO0O0O00O0O0OODODDOOODODOO
gbobobooooooboooboooooobooobooobooboooooboooobooobooon
goooooooooooooooooooobooOooo0ooooooooobooooooDooboo
gooooooooooooooooobooooooboooooooooooooooonDo
gooooooooooooooooo0oobooooobooooobooboooooDboo
goooooobooooboooo
oboboooooooooobOoOoooooooobooOoOobOObOObObOObObOObObObObO
00000000 rank, 000000000000 O0O0OO0O0O0O0O000O00O00O00OO
00000000000000000000 120000rank, 0000000 OOCOOO
0000000048%0000000000000000O00Orank, OOOOOODO
goooboooooooooobooooooboooooooboOoooooooooboonoa
dooboobooooooboooooobooobooobooboOooooobooboOoooooboo
oooooooboooooooooooooooboooooboooooboobooooooboo
uobooouooboboooobooooboooooboooooOobOoOoOoOoOooboboOoobboOobooo
gsb00ooboooooooooobobooooouo2sbb0b0000o0oOoon 4.20
gobobooooooobcooboooooo2sd0booo0oooocoobobocoooonoboo
ooobooooboooooooobooobOoOoboOoOoOobOoOoOooOoooboboOoobboOoonooo
gooobooooooooboooooobooboooboooOooooobooocoooooDooboOoo

(© 2011 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

M rankuRIE- £5E W rankuRIE- FEESD

5 O rankuP#IE- L35 W rankuf&IE- T 5&
% 1.00

£

> 0.95

[72)

50.90

3o

30.85

2

5080

Lors

©

T 0.70

4 12 24 36

Num. of Processors

06 HEFTOOOOOOODOOODOOOODO (00D0O0D0O0000000=1.50000000000=2.5)

02 00000ooooooOooOooO O]
oooooo 12 24 36
HEFT O 0.32  0.60 0.94
oooo 1.44 3.19 5.74

goooboooooooooooobooooooooooooooboooooooDoboOoo
gooooboooobooooobooobooooboooooooboooobobooDbOonon
gobooooobooooobooooooboobooboooobobooDbDoooooobooon
0000000000000 00000000 420000000 360000 rank, 00
0000000000000000 134%000000000000000000
gobooobobooooooooboooooooooboooooboooooooooonoa
gooooobooooooooooooooboooooooobooboooboooooooo
gooobobooooooooooooooooboooboboooooooooooooonoo
gobodooooooo

4.3 ODO00OO0OO0OO0OOOOOOOOOOOOOO

020 HEFTOOOOOOOOOOOOOOODOODOOOOOOOOOOOoooOODO
000 Core2 Duo 1.42GHzO0 O OO 2GBOO0O0OO0O0O0OOOOOOOOOOOOOO
o00oo0 CcC++00000000000000000000000000O000O 10000
goboooooboboooboooboobowooooooooooboooooooooooon
0200000HEFTOO00O0O0O0OODODOOOOOOOOOOOOO0O0O0O0OOOO

Vol.2011-ARC-194 No.3
2011/3/10

ooooooooo3ssbbbobooooooono HEFTOOO 600000000000
coooooobobooooooooooOoooOo woooooboooooooooboonon
coooooooooobooboooOooooooooooooboobooOOObObObObObObOoOoooo
ocoooooooooooooooooooooooboobooOooOOOObObObObObObOOOo

5. 0 0O 0O

gobooboobooobooooooobooooooooooboOobo0ooooobooboOoooooboo
oodoobooooboooobooboooobotbobooboooobboUoDbOoOoDOobOLOoD
0O (HEFTOOOUOOOOUOOODOUOOOoOooOUOoOoooooooooooooooo
ooooboooooooboooooobooOoboOooooOo0ooooobOoboOoOoooobooObOoo
oobooooboooooooooon

0000000000000 0000 HEFTOOOOOOOO 134%000000000
gooooboooooooooobooooobooooobooooooobooooobooonoo
gooobooooooooooooooooobooOooOooooooooooboOoooooobooo
ooooooooooboooooooooboooon

oobooooooooooooooooobooooooobooobooooooooobooOoo
goooboooooooooooooobooooooboooooooooooooooonbo
gooobobooooooooooooobooooooooboooooooboobooooDoboo
goboooobooooo

OO0 000000000000 0DO00O0O0O000 (OO0 (C) No.22500043)0 0
000000000000000000000 (CREST)0D000O00OODOOODOOO
0oo0o0o0oo0ooOoOooooooo LsIoooooooooODOoObOoon

o o 0O 0O

1) Report to Congress on Server and Data Center Energy Efficiency, Public Law
109-431, U.S. Environmental Protection Agency and ENERGY STAR Program,
August 2, 2007

2) Kwok, Y.-K. and Ahmad, I.: Exploiting duplication to minimize the execution
times of parallel programs on message-passing systems, Proc. Int ' 1 Par. Proc.
Symp., pp. 426-433 (1994).

3) Kwok, Y.-K. and Ahmad, L.: Link contention- constrained scheduling and mapping
of tasks and messages to a network of heterogeneous processors,Proc. Int ’ 1 Conf.

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

Par. Proc., pp. 551-558 (1999).

4) Topcuoglu, H., Hariri, S.and Wu, M.-Y.: Task scheduling algorithms for heteroge-
neous processors, Proc. Hetero. Comp. Workshop ,pp.3-14 (1999).

5) H.Topcuouglu et.al " Performance Effective and Low Complexity Task Scheduling
for Heterogeneous Computing” , IEEE Trans. Parallel Dist. Systems, vol.10, no.8
pages 795-812(1999).

6) Young Choon Lee et al. " Minimizing Energy Consumption for Precedence-
constrained Applications Using Dynamic Voltage Scaling” , Zomaya, 9th

IEEE/ACM International Symposium on Cluster Computing and the Grid(CCGrid),

Pages 92- 99(2009)

7) K.H.Kim et al. " Power Aware Scheduling of Bag- of-Tasks Applications with Dead-
line Constraints on DVS-enabled Clusters” , International Symposium on Cluster
Computing and the Grid IEEE/ACM, pages 541-548(2007).

8) Dusit Niyato et al. ” Optiomal Power Management for Server Farm to Support
Green Computing” , International Symposium on Cluster Computing and the Grid
IEEE/ACM, pages 84-91(2009).

9) 00 00,00 00,00 D0DDODODODOOODOOODOOODOOODOOODOOO
0O 00o00oooooooooo.cpsy,00o0ooooooon 108(180), 97-102,
(2008)

10) Standard Task Graph Set, 00000 ODO0OOO0OOOOO,
http://www.kasahara.elec.waseda.ac.jp/schedule/

Vol.2011-ARC-194 No.3
2011/3/10

(© 2011 Information Processing Society of Japan



