000000000 0O0o0O0O0ooDOoOooOoOoOgd Vol No.2 135-143 (Aug. 2008)

ooouoobbogooooobod
ooobbbuoooboobuoooobobogad

0O o o oft 0 oft=l o g g oft

goboooooooooooOoOOCOOO0O0OOOoooooooooobooODOOn
gooooooooooooooooooooobOoOoOooOooooOobOOoOoOooOoOo
goooooooooOoooo0oooooooooooObObOb0oOoooooooo
goooooooooOoboOboboOoOooooooooooooobobOOoOobOOobOOoOoOog
goooooooooooOoOoOooobooOOOOOOOOOOOOOODOOOO0OObO
0000000o00o0o0o0o0o0 2000000000000000000D000O
goboooooooooOoboOoOo0oOooOoooooooooooOoboboOoOoOoboOoOg
0000000000000o0000ooo0ooo0ooUooooooooO 40%0
gooooooooooooooooooboboOooooooooDooOOoboOoo

A Scheduling Algorithm Based on Task Duplication
for Bounded Number of Processors

KoicHl ASAKURA,! BiNg Snaofl+*!
and TOYOHIDE WATANABE'!

In this paper, we propose a task-duplication-based scheduling algorithm for
bounded number of processors. In other scheduling algorithms based on task
duplication, the number of processors used for scheduling is not paid attention
to. Namely, these algorithms focus on generating an optimal scheduling result.
Whereas, our algorithm is based on traditional non-task-duplication algorithm,
and our algorithm has two phases for task duplication: a task fill phase and a
task duplication phase. In the task fill phase, task duplication can be achieved
with no additional processors. Thus, our algorithm can consume processor re-
sources effectively. Experimental results show that our algorithm can generate
almost the same scheduling results with fewer than 40% number of processors.
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Fig.1 An example of task duplication.
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ALGORITHM TaskFill

INPUT:
schedule: a scheduling result by non-task-duplication algorithm
queue:  atask queue

OUTPUT:
schedule: a scheduling result

begin
while gueue is not empty do
t;:= top of queue.
delete #; from queue.
p = processor which ¢ is allocated to.
preds = a set of predecessor tasks for 7.
while (preds is not empty) do
t;:= top of preds.
delete 7; from preds.
if (there is an idle time slot 7s in p s.t. size(zs)> size(z)) then
if (est(zj,p) > ect(ri,p) && est(t],p)+size(tj) <est(ts,p)) then
duplicate #j and allocate #j to p.
reschedule the task graph.
endif
endif
done
done
end

02 O00000O0d
Fig.2 An algorithm in task fill phase.
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Fig.3 An example of task fill phase.
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ALGORITHM TaskDuplication
INPUT:

schedule: ascheduling result by TaskFill algorithm.
OUTPUT:

schedule: a scheduling result.

begin
while (there is an idle processor) do
t := a tail task of the task graph.
t. := CandidateTask(r).
if (7. is null) break. //no chance for task duplication.
Duplicate 7, and allocate 7. to new idle processor.
done
end

ALGORITHM CandidateTask
INPUT:
task:  atask.
OUTPUT:
t.: a candidate task.
begin
preds := a set of predecessor tasks for task.
while (preds is not empty) do
1, := top of preds.
delete , from preds.
if (¢, is not optimal allocated) then
1. := CandidateTask(z,).
if (7, is not null) return 7,.
endif
end
if (there is an idle slot in front of task) then
t, = task.
else
t. = null.
endif
return 7.
end

04 O00D0O0OO
Fig.4 An algorithm in task duplication phase.
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Table 1 Specification of task graphs for experiments.

01 00000000000

() 000000

0ooo 00000000000 oooo
0o 0o oo oo
50 100 7,000 776.4 509.3 180
100 100 8,300 783.1  500.1 180
300 100 9,200 798.5  498.9 180
(b) 0ODOODOD
ooooo | oo oo
10 10 5
50 50 5
100 | 100 10
200 | 200 20
500 | 500 50
(¢) CCR
ooooo
0oooo 10 50 100 200 500
50 | 0.089 0.46 0.93 1.9 4.7

100
300

0.10
0.18

0.55
0.95

1.1
1.9

2.2
3.8

5.5
9.6

02 ETFO000O0000O0O0O0OO0OO0ODOOOOODOOOO0OO0O 50
Table 2 Experimental results with ETF algorithm for 50 tasks.
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ooooo
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Ratio

10
50
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500

14,800.9
14,761.1
15,495.6
16,290.4
18,264.6

14,654.4
14,429.3
15,266.6
15,800.6
17,612.9

99.0%
97.8%
98.5%
97.0%
96.4%

11,853.5
11,784.8
12,526.1
13,295.4
15,474.7

11,844.0
11,747.2
12,516.1
13,167.0
15,366.3

99.9%
99.7%
99.9%
99.0%
99.3%

11,280.9
11,405.3
11,589.2
11,970.1
13,362.6

95.2%
97.1%
92.6%
90.9%
87.0%
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*1 Communication to Computation Ratio
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03 ETFO00000000000D00000O000O00OO0OO0 100
Table 3 Experimental results with ETF algorithm for 100 tasks.
00o0oo00Odpara oooooooooo

ETF 0O0O00D Ratio ETF 00000 Ratio 00000 Ratio
10 | 21,353.7 20,915.2  97.9% 17,636.9 17,552.2  99.5% 17,208.4  98.0%
50 | 22,922.2 22,2519  97.1% 18,352.0 18,096.0  98.6% 17,400.7  96.2%
100 | 23,775.6 23,127.6  97.3% 19,892.7 19,489.8  98.0% 17,717.9  90.9%
200 | 23,369.4 22,990.3  98.4% | 20,660.4 20,045.1  97.0% 18,390.2  91.7%
500 | 27,487.4 26,700.4  97.1% | 24,382.4 23,227.7  95.3% 20,739.5  89.3%

04 ETFO00O000O0O00OO00ODOOODOOOOODOOOO 300
Table 4 Experimental results with ETF algorithm for 300 tasks.
0ooooO0Odpara oooooooooo

ETF 00000 Ratio ETF 00000 Ratio 00000 Ratio
10 | 43,361.0 42,963.4  99.1% | 39,576.1 36,0924  91.2% 35,735.3  99.0%
50 | 48,287.0 44,962.9  93.1% | 41,404.1 38,425.0 92.8% 36,250.5  94.3%
100 | 48,467.2 45,192.9  93.2% | 42,060.0 38,363.5  91.2% 36,888.9  96.2%
200 | 48,650.5 45,718.3  94.0% | 44,110.6 40,619.3  92.1% 37,962.8  93.5%
500 | 56,974.8 54,554.8  95.8% | 52,238.7 47,554.1  91.0% 42,459.2  89.3%

05 PakOOOODOODODODOOODOOOOOOO 50
Table 5 Experimental results with Park algorithm for 50 tasks.

goooo gooooooo goooooooo

Park Our Ratio Park Our Ratio
10 27.0 11.6  42.8% 11,273.5 11,280.9 100.1%
50 27.0 11.5  42.7% 11,402.6 11,405.3 100.0%

100 27.0 114  42.2% 11,454.5 11,589.2 101.2%

200 27.1 11.3 41.6% 11,770.1 11,970.1 101.7%

500 26.9 10.8  40.3% 12,573.1 13,362.6 106.3%
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06 ParkOOODOOOO0OO0OOOOO0OO0OOOOOOO 100
Table 6 Experimental results with Park algorithm for 100 tasks.

goood gooooooo goooooooo

Park Our Ratio Park Our Ratio
10 | 49.0 137 27.9% | 17,137.4 17,208.4  100.4%
50 49.0 13.7  27.9% | 17,124.3  17,400.7 101.6%

100 49.1 13.5  27.6% | 17,349.1 17,717.9  102.1%

200 48.8 13.3  27.2% | 17,728.3  18,390.2  103.7%

500 48.7 12.8  26.3% | 18,932.5  20,739.5 109.5%

07 ParkOODOOODOOODOOOOOOOOOODO 300
Table 7 Experimental results with Park algorithm for 300 tasks.

goooao gooooooo goopoooooa

Park Our Ratio Park Our Ratio
10 | 140.6 23.5 16.7% | 35,713.4  35,735.3  100.1%
50 | 141.6 23.4 16.5% | 34,332.7 36,250.5 105.6%

100 | 140.6 23.2 16.5% | 35,867.6  36,888.9  102.8%

200 | 140.1 23.1 16.5% | 36,575.4  37,962.8 103.8%

500 | 139.5 22,5 16.1% | 38,520.6 42,459.2  110.2%
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Fig.5 Relationship between parallelism and the number of processors.

5

7ty U/ W
(&)

5. 0000

gooooooooooobooboooooobooooooobobOooobOooooooDboo
goboooobobooooooobbooobooooDoETFOOOOODOOOODOOOOOO
gobobooooooooooooooobooboooboboooboooooboooooooooDoboo
goo02000000000000000O00DO0ODOODOOODOODODOODDOODO
gobooooooboooobooooooooboobooboooobooooDbooooDo
goboooobooooboooobooobooboobooboobooboooOoDOo
oooooO0O0O0000oo0OoooooooDoDo00 PackOOOOOODODOODODOO
goooooooooooooooboooooobooboboooooobooobooooDoo
gobooooooooooooooobooooon

goboboobooooboooooboooooooooboooobooooooobooooooo
gooooooooodoooooboooooooboobooooooobooooooboooooboo
goooobooooooooboooooboooooooooooooooooooo
gooooooooooobooooooooobooobooooooobooooooooboboo
gooooobooooooooooooboooooobooOoboooooooooobooooooDooo
goooooooooooooooooobooboooooboooOoooOobOoooDboOobbo
goboooooooooooboooooooooooboooooo

o0 oOooobooooboobooooooooboOooOoOOoOobOOboObOOOODbOCbCObObOOODOO
goooooooooooooooooobooooobobooooobooboOoooooboobo
ooad

000000000 0O0oo0oDOoOooOooOogd Vol No.2 135-143 (Aug. 2008)

g o 0 0

1) Sinnen, O.: Task Scheduling for Parallel Systems, Wiley (2007).

2) Kruatrachue, B. and Lewis, T.G.: Duplication Scheduling Heuristics (DSH): A
New Precedence Task Scheduler for Parallel Processor Systems, Technical Report
OR97331, Oregon University (1987).

3) Darbha, S. and Agrawal, D.P.: SDBS: A Task Duplication Based Optimal Schedul-
ing Algorithm, Proc. Scalable High Performance Computing Conference, pp.756—
763 (1994).

4) Darbha, S. and Agrawal, D.P.: A Task Duplication Based Scalable Scheduling
Algorithm for Distributed Memnory Systems, Journal of Parallel and Distributed
Computing, Vol.46, No.1, pp.15-27 (1997).

5) Ranaweera, S. and Agrawal, D.P.: A Task Duplication Based Scalable Schedul-
ing Algorithm for Heterogeneous Systems, Proc. 14th Int’l Parallel and Distributed
Processing Systems (IPDPS’00), pp.445-450 (2000).

6) Hagras, T. and Janecek, J.: A High Performance, Low Complexity Algorithm for
Compile-Time Job Scheduling in Homogeneous Computing Environments, Proc.
2003 Int’l Conf. on Parallel Processing Workshops, pp.149-155 (2003).

7) Guodong, L., Daoxu, C., Daming, W. and Defu, Z.: Task Clustering and Scheduling
to Multiprocessors with Duplicaiton, Proc. Int’l Parallel and Distributed Processing
Symp., Vol.1, pp.543-549 (2003).

8) Darnha, S. and Agrawal, D.P.: Optimal Scheduling Algorithm for Distributed
Memory Machines, IEEE Trans. Parallel and Distributed Systems, Vol.9, No.1,
pp-87-95 (1998).

9) Park, C. and Choe, T.Y.: An Optimal Scheduling Algorithm Based on Task Du-
plication, IEEE Trans. Comput., Vol.51, No.4, pp.444-448 (2002).

10) Tobita, T. and Kasahara, H.: Performance Evaluation of Minimum Execution
Time Multiprocessor Scheduling Algorithms Using Standard Task Graph Set, Proc.
2000 Int’l Conf. on Parallel and Distributed Processing Techniques and Applicaitons
(PDPTA), pp.745-751 (2000).

11) Kwok, Y.-K. and Ahmad, I.: Benchmarking the Task Graph Scheduling Algo-
rithms, Proc. Int’l Parallel Processing Symp., pp.531-537 (1998).

12) Sinnen, O. and Sousa, L.A.: Communication Contention in Task Scheduling, IEEE
Trans. Parallel and Distributed Systems, Vol.PDS-16, No.6, pp.503-515 (2005).

(00200 1029000)
(0020040 18000)

(© 2008 Information Processing Society of Japan



143 0O0O0OO0O0O0O0O0O0OOOOOOCOOOO0OOOOOO0OOOOOO0OOOOOOCOOOOO0

oo ooboooo
19920000000000000000019940000000000
gbobodooooboooboooboogoolysouooooooooa
gobobooboodooooboobooooooooooboobooooooooboo
N goobodobz2o03bb00boooobodboooobouobooobooooo
goboooobodooboobotooooomuoooboooobooboooobooooono
goboooooooooooboooobooobooboobobooooooobooo

g a

0000000000000 00OO00DLOOOOOOOOOOOO
I1>= goboooooooboooboooobooooOobooboOobobooooooboboobo
/ goobooooooobooooooooOoooboboooobooboooooDoo
gooad

oo ooooood

19720 000000000019400000000000D00O0DODO
gooobooboOooDnoobooobobooooooooobooDoo
gooobooboOoegroooooobobOooobooboboobooo
gobdboboboboooooooboboboboobobobobo
oo/O00oo0ooo0o0oooUooooooUooooooooooo
gooboooobooobobdooobbooobboooDbboooDbbooobooo
000000000000 00000000O0O0ACMOIEEE Computer Societyd AAAIO
AACEQO KES International 0 0 00O

000000000 0O0oo0oDOoOooOooOogd Vol No.2 135-143 (Aug. 2008)

(© 2008 Information Processing Society of Japan



