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VLIW scheduling for high performance embedded

energy-efficient processor
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Abstract; To reduce the power, the energy-efficient embedded microprocessor always adopts the distributed and hierarchical register file

structure ( DHRF). Many data need to be stored in the second level general register file (GRF) because of the small capacity of the tiny operand

register file (TORF) , and this challenges the design of compiler. A new VLIW scheduling algorithm is proposed to solve the problem through

analyzing the program characteristics. The variables are detected while the compiling and virtual copy operations are inserted at the appropriate

time. Through instruction scheduling and communication scheduling for the copy operations and constructing new data transfer route including GRF

for the global variables and software pipelining variables, which have great demand for the register, the pressure on TORF is transferred to GRF.

The experimental results show that the VLIW scheduling algorithm is consistent with the starting point of the energy-efficient microprocessor. On the

condition of 8% program performance decline, the energy consumption on register accessing is reduced by about 51% , and the energy consumption

of the processor is reduced by about 43% . At the same time, the burden of programmer is avoided.
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Fig.1 Microprocessor architecture
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Fig. 2 The proportion of different kinds of variables
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Tab.2 IPC of the programs

AN GRF i/ GRF - &A%
conv3 3 2.25 2.01 10. 67%
correlate 2.41 2.15 10. 78%
err_diff 2.52 2.41 4.37%
fdet 2.27 2.08 8.37%
ffi2 2.23 2.17 2.69%
fir 2. 41 2. 11 12. 44%
idet 2.63 2.51 4.56%
irr 2.38 2.21 7.14%
me_fs 2.59 2.31 10. 81%
rgh2yuv 2.33 2.11 9. 44%
SEH{E 2.402 2.207 8. 13%
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Tab.3 Register requirement under new algorithm

TORF GRF
FEE EORME CFEE EORME
conv3 * 3 2.17 3 11.5 12
correlate 2.5 3 9 10
err_diff 3.17 4 10.5 11
fdet 2.17 3 8 9
ffi2 2.5 3 6 7
fir 2.5 3 8.5 9
idet 3 4 12 13
irr 3.5 4 10.5 11
me_fs 2.67 3 13 13
rgh2yuv 1.33 2 5.5 6
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Fig. 6  Access frequency of register file
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Tab.4  Detailed parameter
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Tab. 5 Comparison of energy consumption

DFAE AU ) BE T AR b PRAR RE AR
B . pl/cycle
AMEH GRF - fiifi] GRF W AMEM GRF - fiifi] GRF oo

conv3 * 3 36. 12 21.92 39.31% 45.87 31.00 32.42%
correlate 38. 06 21.74 42. 88% 48. 46 30. 69 36.67%
err_diff 37.90 17. 46 53.91% 46. 80 25.70 45.09%
fdet 43. 14 19.55 54.69% 54.94 30.37 44.72%
ff2 39.95 16. 14 59. 60% 49. 41 25.38 48. 63%

fir 38. 06 19. 96 47.56% 48. 46 28.22 41.77%
idet 46.39 20. 50 55.81% 56. 28 29.93 46. 82%
irr 42.54 21.03 50. 56% 53.77 31.20 41.98%
me_{s 44. 82 19.79 55.85% 53.63 27.27 49. 15%
rgh2yuv 41. 08 19.03 53.77% 51. 81 28. 69 44.62%
SEY{E 51.39% 43.19%
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