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Job Scheduling with Migration for
Heterogeneous Computing Systems

KENTARO Kovama,*! KaTsuro Saro,f!
KaAzuHIKO KOMATSU,? YosHrToMo MURATA, 213
HiroYUKI TAKIZAWA 113 and Hiroakr KoBavashif?13

A heterogeneous computing system of general-purpose processors and acceler-
ators is a promising approach to improve the system performance under severe
power consumption limitation. This paper proposes a job scheduling method
that uses job migration and preemptive backfilling to reduce the turn around
time of job execution in a large-scale heterogeneous computing system. A pre-
diction model is also proposed to predict the migration cost of a job when the
job is submitted. The evaluation results indicate that the prediction model can
accurately estimate the worst-case migration costs of most applications from
their maximum memory usage. It is also demonstrated that the proposed mech-
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anism can reduce the turn around time of a job in the situations where either
job migration or backfilling works well because it has the advantages of both of
the two scheduling policies.
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Fig.1 Overview of the proposed scheduling method.
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Table 2 System configuration for preliminary evaluation.
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Fig.4 Relationship between checkpoint cost and memory usage.
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Fig.5 Relationship between restart cost and memory usage.
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Table 3 System parameters used in the evaluation.

ac (sec/MB) Bc (sec) ar (sec/MB) Br (sec)
CPU 1.5 x10~2 9.2 x107 1% 9.7 x1073 1.8 x10~1
GPU 1.4 x1072 8.5 x107 % 9.6 x1073 8.9 x107*
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Fig.6 Predicated and actual values of CPU-to-GPU migration costs.

w
15}

B Actual
® Predict( FryIRAVMEDAEYERE) |
= predict( D37 DRAAEEAE)

N
G

[N}
15}

-
15}

YA L— =X Nsec]
fin
&

[}

MaxFlops
QueueDelay
Reduction
s3D
SGEMM
Scan

Sort

Triad

oclFDTD3d
oclHistogram
oclTranspose

oclSortingNetworks

oclConvolution

07 GPUOO CPUDOOOOOODDOOOOOOOOOOOOOOO
Fig.7 Predicated and actual values of GPU-to-CPU migration costs.
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Table 4 Simulation parameters.
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Fig.8 Turn-around time if migration of 1 GB data takes 25 seconds.
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Fig.9 Turn-around time if migration of 1 GB data takes 50 seconds.
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Fig.10 Turn-around time if migration of 1 GB data takes 75 seconds.
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