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Abstract With the rapid development of integrated circuit technology, the number of integrated
components on a chip continues to increase. Efficient interconnection between the processing units on
chip becomes a key issue. Therefore firstly system-on-chip (SoC) and then two-dimensional networks-
on-chip (2D NoC) have been proposed to cope with this problem. But now even the 2D NoC has
reached a bottleneck in many aspects, so the design of Three-Dimensional networks-on-chip (3D NoC)
is inevitable. 3D NoC has attracted the attention of the researchers from both Academia and industry.
One of the key issues of 3D NoC is low-power mapping. We have previously proposed a 3D NoC low-
power mapping algorithm based on improved genetic algorithm with good results. But when the scale
of the problem gets larger, the amount of calculation increases gradually and operation efficiency is
reduced significantly. To solve this problem, this paper proposes a new 3D NoC task mapping
algorithm with power optimization based on a double improved genetic algorithm, and the simulation
experiments are conducted to validate the algorithm. The results show that under the conditions of a
large population size, the 3D NoC task mapping algorithm cannot only reduce the power, but also

reduce the running time significantly.

Key words 3D network-on-chip (3D NoC) ; low-power mapping; improved genetic algorithm; double

improved genetic algorithm; Greedy algorithm
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Fig. 1 VOPD communication trace diagram.
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Fig. 2 3D NoC topological structure
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Fig. 3 Mapping result
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Fig. 4 Comparison of two mapping algorithms’ power
consumption for VOPD.
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U TEFAR T FE 7 1 PG e 35 AR T IG B 55
2RISR TGS 383 ) ) 8 S AR, L2 B A1 A o
FERE /N 5 A2 - B D) FE R de KT AEJ7 L TP G Bk g 55
BRI T IG M B IR PG B Bk 5
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Fig. 5 DVOPD task communication diagram.
&5 DVOPD {45 i {5 &l

S R GHE 45 8 15 1] DVOPD 43 51 5% ] 1G e
SR TG B RL M A5 SR E 6 iR, I'G
B S S AT B A 0 B A5 R WAL T IG B A
Pi A TG MG R3E S 1G m g B 3E M L, e fik
DIREREAL T 13. 3720 CEIINFEREAR T 9. 1820 . fe =
DIFEREAR T 7. 4800, DIFEREAL 3 . iX J& i F DVOPD
A 32 A A S BB K SR SOk 90 SR W A5
B0 UE FIRE R 25 5 6 AR R e . vh DL L S2 R A
SR AT UL YA 55 RGBT, TP G 5 503k 9 1
Py W] G

B Minimum Power
[0 Average Power
[0 Maximum Power —

Total Power Consumption /J

12G Mapping Algorithm  1G Mapping Algorithm
Mapping Algorithm

Fig. 6 Comparison of two mapping algorithms’ power
consumption for DVOPD.
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Table 1 Experimental Results of Ten Simulation for IG Mapping Algorithm
1 IGHMHEEI0RFELIRER
Serial Mapping Power/m]
Number 21 IP Cores 39 IP Cores 59 IP Cores 82 IP Cores 101 IP Cores 121 TP Cores
1 5.2095 9.6546 15.9159 31.5827 40,243 2 46.1707
2 5.3288 9.9548 15.9256 32.3326 40,7171 47.4254
3 5.4872 9.9895 16.2326 33.3372 41.036 8 49,5953
4 5.7046 10. 0015 16. 8827 33.6810 41.0506 49.9114
5 5.9681 10. 364 3 17.0724 33.8693 41.6201 50.5929
6 6.2972 10. 3958 17.2947 35.1989 41.9527 51.4930
7 6.7898 11.004 1 17.4753 35.4125 42.2520 51.5675
8 6.9874 11. 2156 17.679 2 36.4021 43.1624 51.5773
9 7.1365 11. 2600 17.7615 36.9169 46. 3052 52.4319
10 7.7188 11. 6521 19. 8238 39.3961 47.5627 55.2943
Table 2 Experimental Results of Ten Simulation for I’ G Mapping Algorithm
2 PCHMHEEZIORHEIRER
Serial Mapping Power/m]
Number 21 IP Cores 39 IP Cores 59 IP Cores 82 IP Cores 101 IP Cores 121 TP Cores
1 4.2997 9.0698 15. 3389 28.5000 36.9035 35.7187
2 4.496 9 9.1564 15.4124 28.9428 37.5093 40.4328
3 5.1725 9.1774 15.8190 28.956 8 37.8696 40.6130
4 5.2817 9.5364 15. 8609 29.1369 38.6100 40.756 6
5 5.3012 9.9204 15.9682 29.7633 38.6352 40.7667
6 5.3070 10. 1247 16.4221 30. 2564 38.6593 40. 8174
7 5.6090 10.3198 16. 7521 30,4883 39.6679 41.4137
8 5.6866 10. 3417 16. 8201 31.0909 40. 8550 44,8831
9 5.7941 10. 4714 16. 8314 31.7938 41. 0683 46.1311
10 6.3761 10.9570 17.1617 31.8122 41.6499 47.5827
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Fig. 8 Comparison of two mapping algorithms’

minimum power consumption.
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Fig. 9 Comparison of two mapping algorithms’

maximum power consumption.
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Fig. 10 Comparison of two mapping algorithms’

average power consumption.
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Fig. 11 Comparison of two mapping algorithms’

running time with a population size of 200.
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Fig. 12 Comparison of two mapping algorithms’ average

power consumption with a population size of 300.
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Fig. 13 Comparison of two mapping algorithms’ average

power consumption with a population size of 300.
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time with different population sizes and 82 1P cores.
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Fig. 15 Convergence speed for two VOPD mapping

algorithms.
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