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Abstract Parallel computing is an important means to improve the utilization rate of system resources. More and more systems
on multi-processor chip meet the requirements of different computing tasks by integrating processors with different functional
characteristics. A heterogeneous multiprocessor system-on-chip (DPR-HMPSoC) with dynamic partial reconfigurability is widely
used because of its good parallelism and high computing efficiency,while the software/hardware partitioning algorithm with low
complexity and high solving performance is an important guarantee for giving full play to its computational performance advanta-
ges. The existing related software/hardware partitioning algorithms have high time complexity and insufficient support for the
DPR-HMPSoC platform. In response to the above problems, this paper proposes a list heuristic software/hardware partitioning
and scheduling algorithm. By constructing a scheduling list based on task priority,a series of operations such as task scheduling,
mapping and FPGA dynamic partial reconfigurable area partitioning are completed. It introduces software application mode-ling,
computing platform modeling,and the detailed design scheme of the proposed algorithm. The simulation experiment results show
that the proposed algorithm can effectively reduce the solution time compared with the MILP and ACO algorithms,and the time
advantage is proportional to the task scale. In terms of scheduling length, the average performance of the proposed algorithm is
improved by about 10%.
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Table 1 Task parameters of sample application
Task Sw execution  Hw execution CLB
name time time num

n 26 13 9
" 9 4 1
n, 10 4 2
ny 23 6 2
ny 6 1 1
ng 28 11 3
ng 24 2 1
ny 2 1 1
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Fig. 2 Abstract model of DPR-HMPSoC system platform
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Fig. 3 Hardware and software partitioning results of sample

application
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JPEG encoder, Parallel Gauss Elimination, LU decomposition,
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Equalizer, Gauss Jordan, Quadratic Equation Solver, TD-SCD-
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namics, Modem % 22 A~ 52 B i7 F #E 47 0038002 . R ) (9 15
SUBC B AR 1 1 Bkt a3k 2 Tl

Y 3l G R R A K M A SR B Y AR R 4 5
BE A X H A A P2 DRI 2Rk T Y MILP 35965 2) )3 &
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* 3 HELEE

Mk, HA MILP 8 5 R B 8] B9 timeout B E N 1800s, 24
MILP 763K @ I} 18] 35 5 1800 s H1 3 45 #2 B 42 J5 o A A% 1sF, )
IR (0] 24 R/ B FRAG 00 R A e, MILP 2432 vh i SR i 2% 5 LINDO
API 11, 077 ; ACO B 3% i s 8 B 8 8 oy 5, AR R BCH
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FHILGERERELRHNF N 0.9, AXPHIAE LI XA
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Table 2 Basic parameters of test application
App Name Task Num  Edge Num
JPEG encoder 8 9
Parallel Gauss Elimination 12 17
LU decomposition 14 19
Parallel Tiled QR factorization 14 21
Gauss Elimination 14 19
Channel Equalizer 14 21
Gauss Jordan 15 20
Quadratic Equation Solver 15 15
TD-SCDMA 16 20
FFT 16 20
Laplace Equation 16 24
Parallel MVA 16 24
Ferret 20 19
Cyber Shake 20 32
Epigenomics 20 22
Montage 20 30
LIGO 22 25
WLAN 802. 11a Receiver 24 28
MP3 Decoder Block Parallelism 27 46
SIPHT 31 34
Molecular Dynamics 41 71
Modem 50 86
4.2 KWERSW
F 3T BT SO B SE R A5 . 1 SE R X A [F]
RIS L A SO B SR A 1Y 98 2 < BE SLALSR A i 8] 7 4
b R . R I U L T N i R R e D A N NG 5

I A5 A1 e 1) SLR S 7 1 A 750 05 A 1 98 I K AR X
25,

B

Table 3 Simulation experiment results
Task eHEFT MILP ACO
App Name

Num SL Time SL Time SLR/ % SL Time SLR/ %

JPEG encoder 8 52 0.004 45 0.28 15. 56 47 26. 544 10. 64
Parallel Gauss Elimination 12 52 0. 006 50 2.27 4.00 53 17.35 —1.89
LU decomposition 14 82 0.007 81 157. 4 1.23 84 54.757 —2.38

Parallel Tiled QR factorization 14 74 0.011 67 165.99 10. 45 74 56.003 0.00

Gauss Elimination 14 70 0.006 69 12.79 1.45 70 55.039 0.00

Channel Equalizer 14 82 0.007 72 177. 64 13.89 82 65.221 0. 00
Gauss Jordan 15 65 0.007 72 timeout —9.72 81 62.146 —19.75
Quadratic Equation Solver 15 48 0.012 53 timeout —9.43 56 65.973 —14.29

TD-SCDMA 16 104 0.007 85 294.57 22.35 101 68.722 2.97
FFT 16 46 0.007 55 timeout —16. 36 59 66. 264 —22.03

Laplace Equation 16 102 0.008 101 1755.83 0.99 107 63.737 —4.67
Parallel MVA 16 76 0.007 73 timeout 4.11 83 64.413 —8.43
Ferret 20 70 0.01 76 timeout —7.89 76 81.511 —7.89
Cyber Shake 20 76 0.01 108 timeout —29.63 94 89.551 —19.15
Epigenomics 20 94 0. 009 90 timeout 4,44 101 82.243 —6.93
Montage 20 115 0.01 113 timeout 1.77 129 86.203 —10.85
LIGO 22 86 0.01 108 timeout —20. 37 107 101. 786 —19.63

WLAN 802. 11a Receiver 24 173 0.012 172 timeout 0.58 175 98.373 —1.14
MP3 Decoder Block Parallelism 27 114 0.016 149 timeout —23.49 138 124.125 —17.39
SIPHT 31 105 0.014 195 timeout —46.15 129 160. 727 —18.60
Molecular Dynamics 41 159 0.027 436 timeout —63.53 190 235.283 —16.32
Modem 50 234 0.038 509 timeout —54.03 249 304. 263 —6.02
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