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Abstract Heterogeneous multi-cores and parallel architectures have recently gained much
attention owing to utilize the strength of different architectures for offering higher performance.
This paper analyzes the worst-case response time of typed DAG tasks on heterogeneous multi-core
platforms, i.e., a typed DAG task contains different types of vertices, and the workload of each
vertex must execute on its particular type of cores. Binding code snippets of a program to a specific
type of cores is a common operation in heterogeneous multi-cores scheduling and can be easily
implemented in mainstream parallel programming frameworks and operating systems. In recent
years, scholars domestic and overseas have made great progress in the research of heterogeneous
parallel task scheduling with real-time constraints. However, there are still many problems with
the existing research results. The traditional research overestimated the interference of the vertices
in the DAG when analyzing the worst-case response time of typed DAG tasks. leading to the upper
bound of pessimistic response time. For this reason, we propose a typed DAG transformation
algorithm, which can obtain a new DAG task by adding extra edges on the basis of retaining the
dependency between the original vertices, so as to reduce the number of vertices that can be
executed in parallel for each vertex and reduce the possibility of each vertex being blocked. The
main idea of the algorithm is to divide vertices into multiple unit-nodes and assign unit-nodes to

different sets of parallel unit-nodes according to the principle of minimizing the increment of
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blocking time. When all unit-nodes in the DAG are allocated, the conversion of DAG tasks can be
realized by connecting adjacent sets of parallel unit-nodes with edges. Based on this transformation
algorithm, we propose a new worst-case response time analysis method to verify the schedulability of
typed DAG tasks that support heterogeneous computing. A comparison of randomly generated DAG
tasks shows that the accuracy of our new worst-case response time is more than 20% higher than
the existing bounds. Based on the actual heterogeneous hardware device platform, we carried out
experiments on the actual typed DAG task to evaluate the correctness of the new worst-case
response time upper bound DTA proposed by us in the practical application. The experimental
results show that the theoretical time obtained by our worst-case response time analysis method is
always greater than the actual running time, so the new response time upper bound DTA proposed
by us is safe and reliable. The research in this paper has a positive significance to improve the
ability to compute the worst-case response time of the typed DAG task in heterogeneous multicores
platform. Our future work will focus on extending the existing response time analysis methods to
analyze the response time upper bound of multiple typed DAG tasks. At the same time, we will
study a more efficient typed DAG task transformation algorithm, which can realize DAG task

transformation in a shorter time, and the result is approximate to the upper bound of response

time proposed by us.
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FOR each (v; € Ly /{ Vare s Ve 1)
5. FOR (w;,;,5€ (1,c(0)))
S0, =205 s bnax ) 3
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END FOR
END FOR
10. H=lyux 3
11. FOR (/€ L o from second to the last)
12. M=I[H;
13. IFMNi==I

B W D

© 0 N O

14. continue;

15.  ELSE

16. FOR each (v;; € M)

17. FHE ACo DA ACy,; M) s

18. FOR each (v,, €M and v;,; #v,.,)

19. IF (ACv,., M) —2(v,,; , M) ==13H
Ay s D= A0 D) >1

20. DTFCvijsv,.050 5

21. END IF

22. END FOR

23. END FOR

24, ENDIF

25. END FOR
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RIS, wo FIFEAE L BB DTF Cuy o, D BIET AL
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6
7
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9
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13. END IF
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AT BT INA w J5 S, B PAT IR 3 5, Bl 5 6
w S BC 25 3G R R/ IR AT T B R 5~21 1), K
TMER S, KFm w HEL S, G W 3471 5 B
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Background

Heterogeneous multi-cores and parallel architectures have
recently gained much attention owing to utilize the strength of
different architectures for offering higher performance. In
general, heterogeneous hardware architecture consists of
equipment that is asymmetric in performance and functionality
which integrates low power general purpose multi-cores
(known as the host) with specialized coprocessors (e. g. ,
Cell/BE SPUs) or data-parallel accelerators (e. g. , GPUs),
such as NVIDIA Tegra X1. In this paper. we consider real-
time scheduling of the typed DAG task on heterogeneous
multi-cores, where each vertex is explicitly bound to a specific
type of cores for execution. Binding code fragments of a
program to a specific type of kernel is a common operation in
heterogeneous multicore scheduling, which can be easily in
the mainstream parallel programming framework and operating
system implementation. Traditional researches use the work-
conserving scheduling strategy to schedule such a typed DAG
task. Jeffrey et al proposed the first worst-case response time
bound for the general typed DAG task model. However,
Jeffrey’s response time bound is very pessimistic. Serrano et
al proposed the response time bound for a specific typed DAG
task model with two typed cores that has certain limitations.
Han et al developed two response time bounds in which the

first bound dominated Jeffrey’s bound in analysis precision
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and another bound significantly improved the analysis precision
by exploring more detailed task graph structure information.
Even Han’s response time bounds are still very pessimistic.
This paper aims to get a more accurate the worst-case
response time upper bound for typed DAG tasks. To solve
the problems in the early work, we propose a typed DAG task
transformation algorithm, which can obtain a new DAG task
by adding new edges on the basis of retaining the original
dependencies between vertices. Based on this transformation
algorithm, we propose a new worst-case response time analysis
method to verify the schedulability of typed DAG tasks that
support heterogeneous computing. A comparison of randomly
generated typed DAG tasks shows that the accuracy of our
new worst-case response time is more than 20% higher than
the existing bounds. The research in this paper has a positive
significance to improve the ability to compute the worst-case
response time of the typed DAG task in heterogeneous
multicores platform.
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